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F e r m e n t a t i v e  P r o d u c t i o n  o f  C i t r i c  A c i d  b y  A s p e r g i l l u s  n i g e r  : 
S t r a i n  S e l e c t i o n  a n d  O p t i m u m  C u l t u r a l  C o n d i t i o n s  f o r  

I m p r o v e d  C i t r i c  A c i d  P r o d u c t i o n
A. K. Banik

D ep artm en t o f  F o o d  T ech n o lo g y  an d  B ioch em ica l E n gin eerin g, Jadavpur U n iversity , C a lcu tta -700  032

Manuscript Received: 9 May 1974
In the course of mutation studies of Aspergillus niger strain AB with ethylene ¡mine (1:4000), a mutant A. niger AB 501 produced 
greater amount of citric acid in the culture broth (44.5 mg/ml) as against the parent strain (11.6 mg/ml) by the surface culture method 
of fermentation. This mutant was then exposed to UV-rays and a mutant, A. niger AB 1801, was found to produce high citric acid 
in the culture broth (60.0 mg/ml). Sucrose at a level of 15% gave the maximum yield of citric acid (70.5 mg/ml). The optimum 
concentration of ammonium nitrate was 2.2 mg/ml. The optimum cultural conditions for the production of citric acid by A. niger AB 
1801 are: pH, 3.5; temperature, 27°C; incubation period, 9 days. The maximum yield of citric acid in the above conditions was
80.2 mg/ml. Addition of sodium monofiuoroacetate (50 mg/lit) to the fermentation medium increased the citric acid production 
(120.4 mg/ml) whereas, addition of potassium ferrocyanide considerably decreased the citric acid production.

A  num ber o f  organ ic acid s are p rod u ced  b y  m o ld s  
and  b acteria  th rou gh  th e  p rocess o f  ferm en tation , and  
citric ac id  is  o n e  o f  th e m o st im p o rtan t m etab o lic  
p rod ucts n o w  prod u ced  com m ercia lly  b y  ferm en tation  
w ith  specific m o ld s , m ostly  strains o f  Aspergillus niger. 
W ehm er1 w as th e  first to  rep ort th e citric acid  p rod u ced  
from  sugar th rou g h  ferm en tation  b y  m o ld s, n am ed  b y  
him  as Citromyces pfefferians and C. glaber. Later, 
m any o ther fu ngi have b een  fo u n d  to  ferm ent sugar to  
prod uce c itric  acid , but to d a y  so m e strains o f  A. niger are 
used fo r  com m ercia l p rod u ctio n  o f  citric acid  in  m any  
coun tries. M u tagen ic  im p rovem en t o f  ind ustria l m icro ­
organism s has b eco m e a  co m m o n  practice2. H ig h  citric  
acid-y ield ing  m u tan ts can be iso la ted  fro m  A. niger*-5, 
but stud ies are required to  find h o w  the in d u ced  m utants  
behave under varied  cu ltu ral con d ition s. T h e au th or  
carried o u t a  series o f  m u tagen ic  treatm ents w ith  A. 
niger, w ith  a  v iew  to  im p rove th e y ie ld  o f  citric acid . 
T he o p tim u m  co n cen tration  o f  sucrose and  am m on iu m  
nitrate and  th e effects o f  p H , tim e o f  ferm en tation , 
tem perature, so m e  in h ib itors to  im p rove th e  y ie ld  o f  
citric acid  b y  th e  m u tan t, A. niger A B  1801, are a lso  
reported in  th is  paper.
Materials and Methods

Development o f  the mutant strains o f  A . n iger: In  the  
course o f  m u tatio n  stud ies w ith  eth ylen e im in e and  
u ltraviolet rays o f  A. niger strain ab ou t 1 ,976 m utan t 
strains w ere iso la ted . O u t o f  th ese  m u tan ts o n ly  A. 
niger A B  1801 w h ich  p rod u ced  11.6 m g /m l citric acid , 
w as selected  for further stud ies.

Medium and cultural conditions: T h e  p aren t cu lture,
A. niger strain A B , and m u tan t strains w ere m ain ta ined  
o n  m alt-extract a n d  yeast-extract agar slan ts a t 4°C . 
T h e C za p ek -D o x  agar m ed iu m  w as u sed  fo r  th e  m u tation  
stud ies. T h e m ed iu m  I w as u sed  fo r  th e ferm entative  
p ro d u ctio n  o f  c itric  a c id  co n sistin g  o f  su crose , 12; 
N H 4N 0 3, 0 .2 2; M g S 0 4.7H 20 ,  0 .0 2 ; K 2H P 0 4, 0.1 per  
cen t and p H , 3 .5 . W hen  th e cu ltures w ere n eed ed  for  
m u tatio n  stud ies, th ey  w ere transferred to  slan ts o f  m alt 
extract and  yeast extract agar and  in cu b ated  a t 2 7°C  for  
7 days fo r  sufficient sp oru la tion . Spore crop s were 
harvested  by w ash in g  th e  slant w ith  sterile d istilled  w ater  
an d  filtering th e resu ltin g  spore su sp en sion  th rou gh  
several layers o f  sterile absorb ent co tto n . T h e spore  
d en sity  w as adjusted to  2.6 x  107 per m l o f  th e  su sp en ­
sion . T h is spore su sp en sion  w as u sed  b o th  fo r  m u tation  
stud ies and  fo r  th e  in o cu la tio n  o f  th e ferm en tation  
m ed iu m . Surface cu lture ferm en tation  w as carried o u t  
u sin g  500 m l flat flasks, each  co n ta in in g  150 m l o f  
m ed iu m . T he flasks w ere th en  in cu b ated  a t 2 7 °-2 8 °C  
fo r  8 days.

Various factors influencing the production o f  citric 
acid: T h e op tim u m  cu ltu ral co n d itio n s  fo r  th e p rod u c­
tio n  o f  citric acid  b y  A. niger A B  1801 w ere w orked  o u t  
by k eep in g  a ll th e factors co n sta n t excep t th e o n e  w h ich  
w as varied. T h e factors stu d ied  w ere (a)  d ifferent co n c­
en tration s o f  sucrose, (b)  d ifferent con cen tration s o f  
N H 4N 0 3, ( c )  p H  o f  th e  m ed iu m , (d) tim e p er io d  o f  
ferm en tation , and  (e) tem perature o f  ferm en tation . F er­
m en ta tion  co n d ition s w ere th e  sam e as describ ed  before.

Determination o f  citric acid concentration: A liq u ots
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o f  ferm ented m edium  were rem oved periodically  an d  the 
to ta l acid ity  in  each was determ ined by titra tio n  w ith
0.1 N  N aO H  using m ethyl red as ind icator. O n the days 
o f  peak  acid p roduction , the conten ts o f  each flask were 
filtered an d  citric acid  in  the  filtrate was estim ated by 
converting to  pen tab rom oacetone, according to  the 
m ethod  described by Snell and Snell6. T he residual 
sugar was determ ined by Sum m er’s7 3,5-dinitrosalicylic 
acid  m ethod.
R esults and D iscussion

Selection o f  mutants o f  A . n iger: The p a ren t culture 
used in  the  experim ent was A. niger stra in  A B, selected 
o u t o f  hund red  iso lates o f  the  fungus from  various 
sources. Spore suspension o f  th is p a ren t strain , con ta in ­
ing  2 .6 XlO7 per m l, was th en  trea ted  w ith  ethylene 
im ine an d  U V -rays. In  the  ethylene im ine trea tm en t, 
it  has been observed th a t a  concentra tion  o f  1 :4000, o f  the 
m utagen  is m ost effective fo r m uta tion . This concent­
ra tio n  was, therefore, used fo r the trea tm en t o f  spores o f 
the  pa ren t cultures. A fter trea tm en t fo r 1,2,3,4, an d  5 
h r  the  spore suspension in  each case w as d ilu ted  and  
p la ted  o u t in  C zapek-D ox (C D ) agar m edium . 1,256 
iso lates were selected from  different stages o f  trea tm en t 
w ith  ethylene im ine fo r the  citric acid production . I t  was 
observed th a t the  m u tan t, A. niger AB 501, gave higher 
yield o f  citric acid  (44.5 m g/m l) in  m edium  I. The 
spores o f  the  m u tan t, A. niger A B  501 were then  exposed 
to  U V -rays a t the  d istance o f  12 cm . T he source o f  rad i­
a tio n  was a  H anov ia  germ icidal lam p (15 W att). Sam ples 
were irrad ia ted  fo r 10,15,20,25 an d  30 m in. The trea ted  
spores were p la ted  o u t in  C zapek-D ox agar m edium . 
C olonies were th en  transferred  to  m alt-ex tract and  
yeast-extract agar slants. 720 isolates were selected, 
from  different stages o f  trea tm en t w ith  U V -rays, for 
c itric acid p rod uction . I t  w as observed th a t the m u tan t
A. niger A B  1801 gave the  h ighest yield o f  citric acid 
(60.0 m g/m l) in  m edium  I. The m ost p rom ising m u tan t,
A. niger AB 1801, was therefore, s tud ied  to  standardize 
the  cu ltu ra l conditons fo r ferm entation .

Effect o f  different concentration o f  sucrose: I t  has 
been foun d  th a t sucrose is the  best ca rbon  source fo r 
the  citric acid  p roduction . Table 1 indicates th a t the
T a b l e  1 . e f f e c t  o f  d if f e r e n t  c o n c e n t r a  f i o n s  o f  s u c r o s e  o n  

c i t r i c  a c i d  p r o d u c t i o n  b y  A s p e r g i llu s  n ig e r  AB 18 01
Sucrose Ammon- Sucrose Total Citric %supplied iumnitrate utilized acid (ml N acid* Conversion(mg/ml) supplied

(%>
(mg/ml) acid per 100 ml) (mg/ml)

100 0.22 100 84.0 51.2 51.2120 0.22 120 99.1 60.0 50.0150 0.22 142 110.3 70.5 46.7160 0.22 146 102.5 62.3 39.0
»Values are averages of triplicates.

op tim um  level o f sucrose in  the m edium  I fo r the 
p rod uction  o f  citric acid is 15 per cent.

Effect o f  different concentration o f  ammonium nitrate: 
D ifferent n itrogen sources such as u rea , am m onium  sul­
p h ate , am m onium  n itra te , am m onium  chloride, sodium  
n itra te , am m onium  acetate, am m onium  ta rtra te , am ­
m onium  oxalate, d iam m onium  hydrogen ph osp hate  
were th en  exam ined fo r th e ir effect on  citric acid p ro ­
duction . I t  has been found th a t am m onium  n itra te  is the 
superior n itrogen  source fo r the  citric acid  p rod uction . 
Table 2 shows th a t the op tim um  level o f  am m onium  
n itra te  fo r the  citric acid p rod uc tion  was 0.22 p e r cent.

Effect o f  p H  on the citric acid production: T he in itial 
p H  o f  the  m edium  was adjusted  to  2.0, 2.5, 3.0, 3.5,
4.0, 4.5 and  5.0 w ith IN  HC1 o r  N aO H . Fig. 1 shows 
th a t the o p tim u m  p H  fo r the  citric acid p rod uction  
is 3.5.

T a b l e  2 .  e f f e c t  o f  d if f e r e n t  c o n c e n t r a t io n s  o f  a m m o n i u m  
n i t r a t e  o n  c i t r i c  a c i d  p r o d u c t i o n  b y  A sp e r g illu s  

n ig er  a b  1801.
Ammonium nitrate (%) Sucrosesupplied(mg/ml)

Total acid (ml N acid per 100 ml)
C/Nratio Citricacid(mg/ml)

0.10 150 40.3 191 21.2
0.15 150 78.6 129 48.0
0.20 150 102.2 96 62.2
0.22 150 110.3 87 70.5
0.25 150 108.4 76 70.2
0.30 150 104.0 64 70.0

pH ->
Fig 1. Effect of pH on the citric acid production by A sp erg illu s  

n ig er AB 1801.
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Fig 2. Effect of temperature and fermentation period (days) on the citric acid production by Aspergillus niger AB 1801.
0 — 0  27°C; A —A  25 °C; 30°C.

Effect o f  temperature and fermentation time on the 
citric acid production: T h e effect o f  different tem pera­
ture and  ferm entation  tim e o n  th e  citric acid  p rod u ction  
are sh ow n  in  F ig . 2. T h e op tim u m  period  required for  
ferm entation  fo r  citric acid  p rod u ctio n  w as 9  d ays. A  
tem perature o f  27°C  op tim ally  favou red  th e p rod u ction  
o f  th e citric acid  (80 .2  m g /m l) and  a  low er or a  h igher  
tem perature sign ificant b y  decreased  th e y ie ld  o f  the  
citric acid.

T h e final co m p o sitio n  o f  the m edium  and cultural 
co n d ition s fo r  th e citric acid  p rod u ction  by A. niger A B  
1801 w ere m ain ta ined  as fo llo w s:

Sucrose, 15.0; N H 4N 0 3, 0 .22; K 2H P 0 4, 0.1 ; 
M g S 0 4.7H 20 ,  0 .0 2  per cen t; p H , 3 .5; ferm entation  
tim e, 9  days and  tem perature, 27°C .

Effect o f  various substances on citric acid formation: 
V arious k n ow n  sub stan ces, h av in g  sign ificant influence  
on  citric a cid  p rod u ction , w ere includ ed  at th e start o f  
th e ferm en tation . T h e resu lts are sh ow n  in  T ab le 3. T he  
ad d ition  o f  sod iu m  m on o flu oroaceta te  increased  the

T a b l e  3 . e f f e c t  o f  v a r io u s  s u b s t a n c e s  o n  c it r ic  a c id  p r o ­
d u c t io n  b y  Aspergillus Niger a b  180 1

Compound Amount added Citric acid
added (pinole) (mg/ml)*

No addition — 80.2
Sodium monofluoroacetate 50 95.0
Potassium ferrocyanide 150 2 0 .8
Methyl alcohol 2 0 0 0 80.0
Sodium succinate 150 80.2

T a b l e  4 . e f f e c t  o f  a d d it io n  o f  s o d iu m  m o n o f l u o r o a c e t a t e  
o n  c it r ic  a c id  p r o d u c t io n  by Aspergillus Niger ab 18 0 1

Sodium
monofluoroacetate

(mg/litre)
Time of 
addition 

(hr)
Citric acid 
(mg/ml)*

0 — 80.2
1 0 0 80.2
30 0 98.5
50 0 1 0 0 . 0

1 0 0 0 90.4
1 0 24 80.2
30 24 105.0
50 24 120.4

1 0 0 24 95.0
♦ Values are averages of triplicates.

citric acid  p rod u ction . O n th e o ther han d, th e ad d ition  
o f  p o tassiu m  ferrocyan id e decreased  the p rod u ction  
o f  citric acid . N o  effect w as observed  from  th e  ad d ition  
o f  m ethyl a lco h o l and so d iu m  succin ate. T h e cu m u la ­
tive a m ou n t o f  citric acid  w as rem arkably  increased  b y  
th e ad d ition  o f  an acon itase  in h ib itor  such  as sod iu m  
m o n oflu oroaceta te  bu t decreased  b y  th e  a d d ition  o f  
p o tassiu m  ferrocyan id e b ecau se I C D H  activ ities o f  th e  
cells  w ere low ered8.
Effect o f  different concentrations o f  sodium monofluoro­
acetate on citric acid production: T h e p rod u ction  o f  
citric acid  w as increased  by th e a d d itio n  o f  sod ium  
m on oflu oroaceta te . T ab le 4  in d icates th at th e p rod u c­
tio n  o f  citric acid  rem arkably increased  b y  th e a d d ition  
o f  50 m g/litre o f  so d iu m  m on o flu o roa ceta te  after 24  
hr o f  ferm en tation . It is a lso  fo u n d  fro m  T ab le 4  
th at a  low er con cen tration  o f  so d iu m  m o n oflu oroaceta te  
(10 m g /lit) had n o  effect o n  citric acid  p rod u ctio n  w hen  
add ed  to  the m edium  b o th  at 0  and  24  hr o f  ferm en­
ta tio n  bu t i f  th e so d iu m  m o n oflu o roa ceta te  co n cen t­
ration  w as further increased  there w as increased  citric  
acid  p rod u ction  w h ich  w as m u ch  greater i f  th e sod ium  
m o n oflu oroaceta te  w as add ed  after 24  hr o f  ferm en­
tation .

F urther stud ies are in  progress to  test th is cu lture to  
assess its  industria l u tiliza tion  fo r  large scale prod u ction  
o f  citric acid.
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ERRATA
F o llo w in g  correction s are to  b e  m ad e in  th e  article in d icated  b e lo w :

(1) “ Stu d ies o n  P ap ad s b a sed  o n  b len d s o f  b la ck  gram  w ith  cereals, p u lses and  
starch es”  (2) “ B rabender farin ograp h  as a  to o l  in  th e ob jective ev a lu a tion  o f  p ap ad  d o u g h ”  
b y  S. R . Shrupalekar an d  K . V . L . V en k atesh  p u b lish ed  in  th is  Journ al 1 9 7 5 ,1 2  (1), 32 and  36.

Page Column Para Line Printed as Corrected as
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S t u d i e s  o n  H y d r o g e n  S u l p h i d e  i n  C h e d d a r  C h e e s e  a t  
d i f f e r e n t  S t a g e s  o f  I t s  M a n u f a c t u r e  a n d  R i p e n i n g

C. M . Kapoor, Joginder Singh and R. V. Rao*
N a tion a l D a iry  R esearch  Institu te, K arnal, H aryana, India

M a n u sc r ip t R e c e iv e d : 27 N o v e m b e r  1974
Samples of cow and buffalo milk cheeses at different stages of manufacture were studied. The raw milk of cow and buffalo had no hydrogen sulphide. After pasteurization the buffalo milk had slightly higher value as compared to cow milk. The curd at pitching stage had slightly higher hydrogen sulphide in buffalo milk. The green cheese of both cow and buffalo milk had almost the same value. A gradual increase in hydrogen sulphide was observed during ripening upto a period of 105 days, the cow milk cheese having higher value than the buffalo milk cheese.

K ristoffersen et a /.1 reported  h igher con cen tration s o f  
hydrogen su lph ide in  cheddar ch eese from  raw co w  m ilk  
as com pared to  the ch eese from  pasteurized co w  m ilk  
and the sam e w as resp on sib le for  perceptib le differences 
in the flavours o f  these tw o cheeses. The presence o f  
m inute quantities o f  hydrogen su lph ide and other  
sulphur co m p o u n d s seem s to  be essentia l for a desirable  
arom a in cheddar ch eese. A n  insufficient or excessive  
am ou n t o f  these com p ou n d s beyon d  a  certain level m ay  
be undesirable. M ab itt2 p rop ou n d ed  that m etab olic  
changes o f  sulphur com p ou n d s in ch eese w hich  resulted  
in  the p rod u ction  o f  hydrogen su lph ide m ight serve as an 
ind icator o f  flavour prod uction . K ristoffersen  and  
G o u ld 3-5 estab lish ed  a sign ificant correlation  betw een  
hydrogen su lph ide and typical cheddar ch eese flavours. 
K ristoffersen and N e lso n 6 reported th at after six  m onths  
ripening, ch eeses con ta in in g  the h ighest relative co n ­
centration  o f  free hydrogen su lph ide received the h ighest 
cheddar ch eese flavour in ten sity  score. W alker7 w as  
unable to  stim ulate cheddar type flavour by the in co rp o ­
ration o f  ketones and fatty acids, unless th ioacetam id e, 
a source o f  hyd rogen  su lph ide, w as added.

The changes taking p lace in hyd rogen  su lph ide at 
different stages o f  m anufacture and ripen ing o f  cheddar 
ch eese have h ow ever n o t been  reported systam atica lly  
in the literature. H ence an attem pt w as m ade in the pre­
sent stu d y  to  fo llo w  up th ese ch an ges in  cheddar ch eese  
from  co w  and buffalo m ilks.
Materials and Methods

C heddar ch eese  w as m anufactured  at the Experim ental 
D airy o f  N D R I, K arn al, from  standardised  (3 .5  per cent 
fat and 9 per cen t S N F ) cow  and buffalo m ilks, w hich  
were pasteu rized  by H T S T  m eth od . In all e igh t batches 
o f  cheese, fou r each  o f  buffalo and co w  m ilks w ere pre­

pared. A  m ixed starter cu lture con sistin g  o f  Strepto­
coccus tact is and Streptococcus cremoris w as used. T he  
ripening o f  cheese w as carried o u t in the cold  storage  
room  under controlled  co n d ition s o f  75 per cent relative  
hum idity  and at 1 0 °± 0 .5 °C .

H yd rogen  su lph ide w as determ ined by the p -am in o- 
dim eth ylan iline (P A D ) m ethod o f  B adings and V an D er  
P o l8 and o f  K ristoffersen et all w ith  som e m odification s. 
A lkalin e p yroga llo l w ashed  air w as used for aspiration . 
H yd rogen  su lphide gets converted  to  m eth ylen e blue 
and co lou r read in  a B eckm an D U  spectrop h otom eter, 
at 665 m p  using d istilled  w ater as a reference. The  
values were read against a standard curve.
Results and Discussion

D ata  on the hydrogen su lph ide at different stages o f  
m anufacture is presented  in T able 1 for co w  and buffalo  
m ilk . It has been observed  th at raw co w  and buffalo  
m ilks had no hydrogen sulph ide. H ow ever, after p aste­
urization the buffalo m ilk  show ed  a h igher value o f  14.79  
as com pared  to  11.90 p-g/lOOg o f  co w  m ilk . W hen  
starter w as added there w as a decrease in the hydrogen  
su lph ide in the m ilk s o f  both co w  and buffalo. There w as 
a further decrease w hen rennet w as added to  b o th  the  
m ilks apparently due to  the influence o f  ligh t, oxygen  
and vo latilization  o f  hydrogen su lph ide at tem peratures 
o f  renneting and tim e o f  h o ld in g. Badings and V an D er  
P o l8 a lso  reported a sim ilar influence o f  ligh t, oxygen  
and v o la tiliza tion  on  the hydrogen su lphide.

The hydrogen su lph ide o f  w hey at p itch in g  stage  
increased in co w  and buffalo m ilks because o f  an increas­
ed  heat treatm ent from  cu tting  to  p itch in g  stage. T he  
curd w as observed  to contain  less hydrogen su lph ide as 
com pared to  w hey. T his m ay  be due to  a lb um in  and  
especia lly  fl-lactoglobu lin , w hich  is the prim ary source

♦ Present address: S.R.S., National Dairy Research Institute, Bangalore.
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T a b l e  1 . h y d r o g e n  s u l p h id e  (jU .G /10 0  g ) a t  v a r io u s  s t a g e s  o f  m a n u f a c t u r e  o f  c o w  a n d  b u f f a l o  m il k  C h e d d a r  c h e e s e

V Values of hydrogen sulphide Cow milk Buffalo milkParticulars Trial No. Trial No.I II III IV Average I II III IV Average
Raw milk Nil Nil Nil Nil Nil Nil Nil Nil Nil NilPasteurised milk 11.54 11.54 12.98 11.54 11.90 12.98 12.98 15.87 17.31 14.79
Milk+ starter 11.54 10.39 11.54 9.24 10.68 11.45 12.98 12.98 11.54 12.26
Milk+ rennet 7.21 5.77 9.24 7.21 7.36 5.77 7.21 7.21 5.77 6.49
Whey at pitching 8.36 7.21 10.39 8.36 8.58 7.21 5.77 7.21 11.54 7.93
Curd at pitching 2.88 1.15 2.88 1.15 2.02 1.15 2.88 2.88 2.88 2.45
Whey at drainage 5.77 5.77 7.21 9.24 7.00 5.77 2.88 3.03 2.88 3.64
Green cheese (at hooping) 1.15 Nil 1.15 1.15 0.86 Nil 1.15 1.15 1.15 0.86
o f  sulphydryls, bein g  released in  w hey9. T he buffalo  
m ilk  curd had a  slightly  h igher hyd rogen  su lph ide—  
2 .45  ju.g/100g as com pared to  2 .20  pg/lO O g o f  co w  m ilk  
curd at p itch ing  stage. W hey a t th e tim e o f  drainage 
had a  different p icture, the buffalo m ilk  w hey having  ju st 
h a lf  th e con cen tration  th an  th at o f  co w  m ilk  w hey. 
H ow ever, th e va lu es w ere m ore or less sim ilar in  the  
green ch eese o f  both  co w  and buffalo m ilks. T he q u anti­
ties o f  hyd rogen  su lph ide in  green ch eese w ere th e low est. 
T h is fact resem bles th e ob servations o f  Sw iatak  and  
P o zn a n sk i10 w h o  reported  the retarding effect o f  com m o n  
salt on  hyd rogen  su lph ide con ten t in  trappist cheese.

A fter w axin g , the ch eese b lock s w ere kept for ripening. 
T he ch eese sam ples w ere analysed  at fortn igh tly  intervals 
for  hyd rogen  sulphide. A  gradual increase in  hydrogen  
su lph ide observed  during 105 days ripen ing  is  dep icted  
in  F ig . 1. T he con cen tration  o f  h yd rogen  su lph ide varied

Fig. 1. Hydrogen sulphide content during ripening

from  0 .8 6  to  34 .62  p g  per lOOg in  buffalo  m ilk  ch eese and  
from  0 .86  to  40 .38  pg/lO O g in  co w  m ilk  cheese. L aw ren ce11 
reported an average hydrogen su lph ide con cen tration  o f  
55 pg/lO O g o f  cheese, after 1 to  4 m on th s o f  ripen ing  
in  N e w  Z ealand cheddar cheese. Our present find ings 
are in  fair agreem ent w ith  the a b ov e  report. A fter  75 
days o f  ripen ing, fluctuation  in  h yd rogen  su lp h id e w as  
observed . Such type o f  fluctuation s have a lso  been  
reported  by K ristoffersen  and G o u ld 5. A fter  105 d ays  
o f  ripening, co w  m ilk  ch eese excelled  in  flavour and  
accep tab ility  as com pared  to  buffalo m ilk  ch eese. T h is  
clearly  ind icates an ex istence o f  a  correlation  b etw een  th e  
ch eese flavour and its hyd rogen  su lph ide co n ten t. G rad e  
‘A ’ ch edd ar ch eese  w as a lw ays fo u n d  to  p o ssess  h igher  
hyd rogen  su lph ide con cen tration  as rep orted  by v ariou s  
w orkers3-5 and  th is had been sign ificantly  correlated  
w ith  their flavours. W alker7 a lso  estab lish ed  th at th e  
presence o f  hyd rogen  su lph ide w as necessary fo r  an  
im proved  cheddar type flavour.

References
1. Kristoffersen, T., Gould, I. A. and Harper, W. J., Milk

Prod. J„ 1958, 50, 14, 20.
2. Mabbitt L. A„ J .  Dairy Res., 1961, 28, 303.
3. Kristoffersen, T. and Gould, I. A., J. Dairy Sci., 1957, 40,607.
4. Kristoffersen, T. and Gould I. A., J. Dairy Sci., 1958, 41,717.
5. Kristoffersen, T. and Gould I. A., J . Dairy Sci., 1960, 43,1202.
6. Kristoffersen, T. and Nelson, F. E., J. Dairy Sci., 1955, 38,1319.
7. Walker, J. R. L., J. Dairy Res., 1961, 28, 1.
8. Badings, H. T. and Van Der Pol, J. J. G., Netherland Milk

Dairy J., 1965, 19, 283.
9. Rao, R. V., in the Final Technical Report of the P. L. 480Project on Investigation of Sulphur Compounds in Milk

and Milk Products, N. D. R. I., Karnal, 1968, 13.
10. Swiatak, A. and Poznanski, S., XV Int. Dairy Congress, 19593, 1487.
11. Lawrence, R. C., J. Dairy Res., 1963, 30, 235.



P r o c e s s i n g  a n d  N u t r i t i o n a l  E v a l u a t i o n  o f  C a l c i u m  C a s e i n a t e
M . R . Srinivasan , M . V. L. R ao and  K . S. Srinivasan 

C entral F o o d  T ech n o lo g ica l R esearch  Institu te, M ysore 570013, Ind ia

M a n u sc r ip t R ec e iv ed : 5 D ec em b er 1974
Comparisons of the essential amino acid composition and protein efficiency ratio determined by rat bioassay have shown that the 
processing steps involved in the caicium-sucrate method of preparing calcium caseinate exert no deleterious effects on the essential 
amino acid makeup or physiological utilization. Use of ammonium hydroxide for dispersing and processing the protein appears to be 
best as it causes no loss of the phosphate groups required for binding the calcium and leaves no salt residues in the end product.

C alciu m  caseinate is a read ily  accep tab le protein  
sup plem en t w h ich  can  be effectively  em p loyed  in the  
clin ical m anagem en t o f  p rotein -ca lorie  m aln utrition  and  
related disorders. It is  easily  d ispersib le in w ater and can  
be co n ven ien tly  adm inistered  in  regulated d oses either  
in  th e form  o f  a  beverage by itse lf  or added to  other  
beverages or fo o d  preparations. A  n ovel p rocess1*2 
for th e p rod u ction  o f  th is valuable p rotein ate w as 
d evelop ed  a t th is in stitu te based  on  the use o f  calcium  
sucrate for in corp oratin g  the ca lcium  in to  th e p rotein . 
T h e process com prises th e fo llo w in g  steps : (a) W ash in g  
the casein  in  h o t (70°C ) w ater, (b) d ispersin g  it in  am ­
m onia , (c) add in g  th e requisite q u antity  o f  ca lciu m  as  
calcium  hyd roxid e in  sucrose so lu tion , and (d ) finally  
roller drying (50  psi steam  pressure, 130-140°C ).

It is k n ow n  th at h eat treatm ent under certain  co n ­
d ition s is detrim enta l to  th e nu trition a l quality  o f  protein  
m ain ly  because so m e am in o acids are d estroyed  and  
certain  others rendered n on -ava ilab le3. T h e deleteriou s  
effect o f  heat on  th e nutritive va lu e o f  m ilk  p rotein s and  
particu larly casein  has been rep orted4-6 . T he effect 
appears to  be p rop o rtion a l to  tem perature as w ell as  
tim e. T h e dam age has been  traced to  decreased  d igestib i­
lity  and  con seq u en t low ered  grow th  p rom otin g  value  
fo r  rats. A  sim ilar effect has a lso  been observed  in  
d ogs7. A  sign ificant decrease in  the p rotein  efficiency  
ratio o f  casein  subjected  to  dry h eat over 100°C  or to  
heating at 95°C  in  aq u eou s m ed iu m , as com pared  w ith  
raw casein  (acid  precip itated  com m ercial casein ) has 
been observed .

Sulphur am in o acids as w ell as serine and th reon ine in  
peptide com b in atio n  are k n ow n  to  be adversely affected  
by alk ali treatm ent8. A lk ali lab ility9-12 is  a  characteris­
tic feature o f  th e p h o sp h ate  groups in  casein . O n heating  
in  sod iu m  h yd rox id e so lu tion , th e p h osp h ate  group s are 
cleaved  o f f  read ily  and q u antitatively  th rough  a p rocess  
o f  3-elim in ation  w ith  th e in itia l form ation  o f  d ehydro­
alan ine. A s  th e p rotein  b ou n d  p h osp h a te  group s,

m o stly  present as o -p h o sp h o serin e residues, are the  
prim ary sites o f  ca lciu m  b in d ing , th e effect o f  alkalis on  
th e sp litting o f  p h osp h ate  is  a lso  an  im portant factor  
to  be reckoned  in  the processin g  o f  casein .

In v iew  o f  th ese con sid eration s, experim ents w ere  
designed to  ascertain the effect o f  the processin g  steps 
in v o lv ed  in  the p reparation  o f  ca lc iu m  caseinate, on  the  
nutritive value o f  th e p rod u ct as com pared  w ith  the  
original raw  casein . T h e effect o f  a lk alis on  the cleavage  
o f  ph osp h ate  from  th e protein  w as a lso  exam ined .
Materials and Methods

Casein: F in e  grade, lactic  casein  from  a com m ercial 
source w as used for  the p reparation  o f  the ca lcium  
caseinate.

A ll ch em icals used  fo r  th e an a ly tical w ork  w ere o f  
A N A L A R  quality.

Proximate analysis: Standard procedures o f  the  
A O A C 1J w ere fo llo w ed  fo r  th e analysis o f  proxim ate  
princip les. C alc iu m  w as an a lysed  accord in g  to  the  
m eth od  o f  C lark and C o llip 14. T h e p rox im ate co m p o ­
sition  o f  the casein  and ca lciu m  caseinate w e r e :

Casein Calcium caseinate
Protein convertion factor 6.38 6.38Moisture (%) 10.5 4.5Protein (%) 83 84Fat (bound) (%} 1.2 1.3Sucrose (%) nil - 5.8Phosphorus (%) 0.89 0.8Calcium (%) Traces 1.0

Amino acid composition: T h e essentia l am in o  acids  
con ten t o f  the casein  and  o f  ca lciu m  caseinate prepared  
from  it w ere determ ined a ccord in g  to  m icro b io lo g ica l 
procedures described by B arton -W righ t15. T he stored  
sam ple analysed  had kept w ell fo r  24 m on th s a t room  
tem perature (am bien t tem perature varying betw een  
2 2 °-3 2 °C  over  th e season s) in  air in  sea led  po ly th en e  
bags.
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Nutritive value: T h e P E R  o f  raw  casein  and  
ca lc iu m  caseinate w ere assayed  on  w ean lin g  a lb in o  rats 
at 4  and 8 w eek  period s by th e m eth od  o f  O sborne, 
M en d el and F erry16.. T h e d ie t con ta in ed  10 per cent 
p rotein , 10 per cen t fa t (refined groun dn ut o il), 2 per 
cent salt m ixtu re17 and 1 per cen t v itam in  m ixtu re18. A t  
th e  en d  o f  th e 8 w eek  feed ing  p eriod , b lo o d  w as drawn  
b y  cord iac puncture for determ ination  o f  serum  proteins  
by th e b iuret proced u re19 and the anim als w ere sacrificed  
and  livers excised  fo r  th e d eterm ination  o f  to ta l protein .

Alkali cleavage o f  phosphate: F or stu d y in g  the re­
lease o f  p h o sp h ate  from  casein  by a lk alis, 10 per cent 
(w /v )  d ispersions o f  th e protein  w ere prepared in
0 .25 , 0 .5  and 1 N  aq u eou s so d iu m  h yd rox id e or am -

T a BLE 1 . ESSENTIAL AMINO ACID COMPOSITION OF CALCIUM 
CASEINATE

Calcium caseinateAmino acid Casein Fresh After 2 yr storageat room temp
g amino aeid/16 g N

Arginine 4.3 4.1 4.2
Histidine 2.0 1.8 1.9
Lysine 6.0. 5.9 . 5.8
Tryptophane 1.3 1.4 1.3
Phenylalanine 4.9 5.0 4.9:
Methionine 2.9 3.0 2.9
Threonine 4.7 4.7 4.9
Leucine 11.0 10.5 11.7
Isoleucine 7.2 7.1 6.7
Valine 7.5 7.4 7.4

All the amino acids were estimated by microbiological assay.

m o n iu m  h yd roxid e so lu tion s and in cu b ated  a t 37°C  for
1 ,3 ,5 ,7  and 24 hr. T h e in organ ic p h o sp h a te  released  
w as estim ated  in  T C A  (10% ) filtrates o f  a liq u o ts  o f  the 
incu bate.
Results and Discussion

A s is ev id en t from  the results in  T ab le 1, there is very  
little difference in the essentia l am in o acid s m akeu p  
betw een  the casein  and the ca lciu m  caseinate derived  
from  it  accord in g  to  th e m eth o d  d eve lo p ed 1. F urther­
m ore, even  u p on  storage fo r  tw o years, the am in o acid  
co m p o sitio n  o f  the ca lcium  caseinate had sh ow n  little  
alterations. T he findings sup port the con c lu sion  th at the  
p rocessin g  steps and co n d ition s ad op ted  h ave neither  
caused  destruction  o f  the essentia l am in o  acids in  the  
casein  nor have th ey  in itiated  any  ch an ges w h ich  on  
lon g  storage over 24 m on th s cou ld  s low ly  lead  to  their  
degradation .

Sim ilarly, there is no difference in  either in tak e, 
d igestib ility  or P E R  betw een the tw o  p rotein s (T able 2) 
n or in  the serum  and to ta l liver protein  levels betw een  
th e an im als fed  on  the tw o p rotein s (T ab le 3). T he  
results are in  accord  w ith  their am in o acid  co m p o sitio n  
and in d icate th at the p rocessing  step s fo llo w ed  in  the  
preparation  o f  th e  ca lciu m  caseinate have n o t im paired  
to  any m easurable exten t th e essentia l am in o  acids in  
the casein  or their p h ysio lo g ica l availab ility  and u tiliza ­
tio n .

T he stud y o f  th e release o f  in organ ic p h o sp h a te  from  
casein  by a lk alis (F igu re 1) has d em on strated  th at 
sod iu m  h yd roxid e a t 0 .25  N  and am m on iu m  h yd rox id e  
at con cen tration s betw een  0 .25 and  1.0 N  (p H  7) a n d  at

T a b l e  2 .  p r o t e i n  e f f ic ie n c y  r a t i o  ( p e r )  o f  c a s e i n  a n d  c a l c i u m  c a s e in a t e

Four week period Eight week period
Diet Initial body wt 

(g)
Dietintake
(g)

Proteinintake
(g)

Gain in body wt 
(g)

PER Dietintake
(g)

Proteinintake
(g)

Gain in body wt 
(g)

PER

Males
A. Casein 46.3 234.7 24.18 47.8 1.98 579.3 59.47 95.7 1.61
B. Calcium caseinate 46.2 249.8 25.74 58.3 2.27 587.7 60.52 108.5 1.80
Diff in PER (B-A) with standard error — — — — 0.29±0.19NS* — — — 0J9 +  0.14 NS* '

Females ' v;
A. Casein 46.0 226.5 23.3 52.8 2.26 516.7 53.2 93.5 1.76
B. Calcium caseinate 45.7 258.2 26.6 61.2 2.31 609.7 62.9 113.0 1.79
Diff in PER (B-A) with standard error — — — — 0.05 ±0.09 — — — 0.03 ±0.07NS* ! NS*

The proteins were used at 10 per cent level in standard test diets.
Six male and 6 female rats were distributed into the two groups according to the randomised block design, figures represent average. 
*NS: Not significant.
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Table 3. serum protein and liver protein levels in rats fed casein and calcium caseinate
Liver proteinSerum protein (g/100 ml) (total N)S/lOOgAlbumin Globulin Total body wtDiet M F M F M F M F

A Casein 4.42 5.03 1.89 1.30 6.59 6.52 0.18 0.16B Calcium caseinate 3.84 4.86 2.19 1.62 6.03 6.49 0.18 0.18Standard error 0.16 0.16 0.43 0.21 0.34 0.20 0.011 0.183(4 df) (4 df) (4 df) (4 df) (5 df) (5 df) (5 df) (5 df)Test of significance (A ~B ) * NS NS NS NS NS NS NS
Six male (M) and 6 female (F) rats were distributed into the two groups according to the randomised block design: figures represent average.As one sample of serum in the male and one in the female rats was lost in the casein-fed group, the corresponding albumin and globulin values were estimated by the missing plot technique. The averages include these also.NS: Not significant. »’Significant at 5% level.
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Fig. 1. Release of inorganic phosphate from casein by alkalis mg P/ released/g protein in 10 ml aqueous dispersion.
37°C  do n o t sp lit o f f  p h osp h ate  to  any  m easurable  
exten t w h ile  sod iu m  h yd roxid e at 0 .5  and 1.0 N  co n ­
cen tration  ( p H > 1 0 )  rapid ly  hyd rolyses the p h osp h ate  
ester b on ds. T h e accelerated  release is  ob v iou sly  a  p H  
effect. A m m o n iu m  h yd roxid e at 1 N  con cen tration  
appears to  be d ou b ly  in n ocu o u s because it d o es  n o t  
cleave th e serine (a n d  th reo n in e ) b ou n d  p h osp h ate  
groups o f  casein  and evaporates o ff  during th e roller­
drying w ith o u t leav in g  an y  undesirable salt residues  
in the en d  p rod u ct. Further, even  a t the h igh  tem pera­
ture a tta ined  during the roller dryin g  n o  p h osp h ate  
appears to  b e  severed o f f  from  th e casein  d ispersed  in  the  
a m m on ia-ca lciu m  sucrate m ed iu m  as ev iden ced  b y  the  
fact th at th e p h o sp h ate  co n ten t o f  th e casein  and o f  
calcium  caseinate are a lm ost th e sam e. T hese ob ser­
vation s are in  con form ity  w ith  th o se  o f  o ther in vesti­
gators20 w h o  have a lso  em p loyed  am m on ia  hyd rolysis  
for preparing th e m ajor p h osp h op ep tid es o f  casein  in  
quantity .
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E n z y m i c  S a c c h a r i f i c a t i o n  o f  B a g a s s e
S. N . M u k h o pa d h y a y*, P. G h o s h ** and  V . H . P otty** 

B ioch em ical E n gin eerin g  and F o o d  T ech n o lo g y  D ep artm en t, H .B .T .I ., K anpur, U P

M a n u sc r ip t R ec e iv ed : 5 D ecem b er 1974
An attempt has been made to saccharify bagasse enzymatically. Cellulase in the culture filtrate from Trichoderma viride QM 6 a caus­
ed saccharification. Optimum saccharification was found to take place at pH 5.1, temperature, 50°C and at a substrate concent­
ration to culture filtrate ratio of 2 mg per ml of culture filtrate (having activity of 35 units per ml). Bagasse obtained by preliminary 
treatment when further modified by heating followed by grinding, alkali treatment and neutralization could saccharify bagasse to an 
appreciable extent of 24% based on the amount of bagasse used in reaction mixture. Cell propogation studies with liquid centri­
fugate of bagasse hydrolyzate indicated that it may serve as a substrate for food yeast propogation.

C ellu losic  m aterials w hich  occur abu nd antly  in  nature  
can  be h yd ro lysed  b y  cellu lases to  ferm entab le su ga r1̂ .  
A m o n g  th e organ ism s strains o f  Trichoderma viride are 
n o w  w id ely  u sed  to  p rod u ce cellu lase fo r  cellu lose  
saccharification . E n han cem en t o f  saccharification  o f  
ce llu lo se  b y  cellu lase th rou gh  prop er m od ifica tion  o f  
ce llu lo sic  substrate has been  rep orted5. B agasse, a  ce llu ­
lo s ic  w aste from  cane sugar ind ustry  is  availab le in  
ab u n d an t qu antities in  Ind ia  and  o th er coun tries. Its 
effective hyd rolysis in to  ferm entable sugar can m eet the  
scarcity  o f  raw  m ateria ls fo r  ferm entation  industries to  a  
large exten t. T h e present w ork  in ten ds to  sh ow  th at  
bagasse can  b e  saccharified  app reciab ly  by proper  
m o d ifica tion s and  en zym ic hyd ro lysis and  th e h yd ro­
lyzate  th us o b ta in ed  can  be used  fo r  cellu lar synth esis o f  
fo o d  yeasts lik e  Saccharomyces cerevisiae.
Materials and Methods

Bagasse: Sugar cane ob ta in ed  from  an agricultural 
field in  U tta r  P radesh  w as c leaned  and shredded by  
rotary kn ives fo llo w ed  b y  ex traction  o f  ju ice  b y  p assin g  
th rou gh  a  roller extractor repeated ly . H ea v y  pressure  
o n  th e  roller cou p led  w ith  use o f  w ater o n  the partly  
extracted  m aterial m ad e it  p o ss ib le  to  rem ove 9 5 -9 8  per  
cen t o f  sucrose o f  th e cane. T h e fibrous residue obta ined  
from  th is  op era tio n  is w h ole  bagasse.

Preliminary treatments: T h e upper hard layer o f  
bagasse w as rem oved  and so fter ce llu lo sic  p o rtio n  
k n ow n  as p ith  w as cu t in to  sm all b its w h ich  on  analysis  
sh o w ed  to  co n ta in  52 per cen t ce llu lo se  on  dry basis. It 
w as treated  w ith  d ilu te  su lphuric acid  (2 per cen t v /v ) at 
80°C  fo r  tw o  hou rs w ith  con stan t stirring to  rem ove  
p entosans. T h e fibres w ere separated  by filtration  and

w ash ed  th orou g h ly  w ith  w ater fo llo w ed  b y  treatm ent w ith
0.1 N  N a O H  a t 80°C  for tw o  h ou rs w ith  co n tin u o u s stir­
rin g  to  rem ove lign in . A fter filtration  and repeated  and  
th orou gh  w ash in g  the fibrous m aterial w as dried under  
sun fo r  e ig h t hours. T h e dry m aterial w as disintegrated  
first in  a  w aring blender, th en  in  a  ball m ill and finally  
screen  analysed  fo r  different m esh sizes in  an electrica lly  
driven R otap  testin g  sieve shaker using  44 , 85, 100, 150, 
200 and  240 m esh es (h aving  particle size range as in d i­
cated  later) o f  U S  Standard Screen for 30 m im .

Enzyme source: T h e organ ism  used  fo r  th e p ro ­
d u ction  o f  cellu lase w as a  strain o f  Trichoderma viride 
Q M  6a, ob ta in ed  from  th e D ep artm en t o f  F o o d  T ech n o ­
lo g y  and  B ioch em ical E ngineering, Jadavpur U n iversity , 
C alcutta . C ulture m ed iu m  co m p o sitio n  w as sam e as 
described  b y  M an d els et al6. T w o  hu nd red  and  fifty  m l 
m ed iu m  at p H  5.3 w as sterilized in  each  o f  1 liter Erlen- 
m eyer flasks and w as in o cu la ted  w ith  5 per cen t (v /v ) o f  
in ocu lu m  prepared in  10 m l sterile p h y sio lo g ica l salt so lu ­
tio n  (0 .85 per cen t N a C l so lu tion ) from  a g lycerol agar  
slan t cu lture. F erm en tation  w as co n d u cted  a t 29°C  for  
14 days o n  a  recip rocatin g  shaker h avin g  am plitud e o f  3 
inch  and 96 strokes per m in. A t the en d  o f  ferm en tation , 
broth w as cen trifuged  a t 900  rpm  fo r  30 m in  and  
supernatant con ta in in g  cellu lase w as stored  a t 4°C  for  
use as cu lture filtrate in  saccharification .

Enzyme activity and sugar estimation: E n zym e a c ti­
v ity  in  th e cu lture f.ltrate w as determ ined by the m eth o d  
o f  L evin son  and  R eese7 and  expressed  in  the sam e un it 
o f  C M C  saccharify ing  activ ity . T he cu lture filtrate w as  
fo u n d  to  have 35 un its o f  C M C  activ ity  per m l. R ed u cin g  
sugar w as estim ated  by d in itrosa licylic  acid  (D N S )  
m eth o d 8. In all experim ents sugar w as estim ated  b efore

P re se n t a dd ress: *Biochem. Engg. Division, Indian Institute of Technology, New Delhi-110029
»»C.F.T.R.I., Mysore-570013
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and after en zym ic saccharification  o f  bagasse and the 
difference is  rep orted  in  results.

Growth measurements: In  th e stud y o f  cell p rop a­
gation  on  bagasse hyd ro lyzate  grow th  w as expressed  in  
term s o f  op tica l d en sity  (O .D ) per m l by m easu rin g  w ith  
th e h elp  o f  a  co lorim eter. It is  a lso  expressed  as the  
a m ou n t o f  cell m ass p rod u ced  (dry w eigh t) per u n it  
w eight o f  ce llu lo se  h yd ro lyzed . A m o u n t o f  ce llu lose  
hyd rolyzed  w as determ ined  from  th e difference o f  the  
w eight o f  bagasse b efore and  after hyd rolysis.

Results and Discussion
Since a lm ost a ll en zym es exert th eir  o p tim u m  activ ity  

at a  particu lar p H  and  tem perature, it w as necessary to  
determ ine th e  effect o f  th ese  param eters o n  en zym e  
saccharification .

Effect o f  pH :  F o r  observing  influence o f  p H , re­
a ction  m ixtures co n ta in in g  5 .0  m g  o f  bagasse (240  m esh  
size) and 5 m l cu lture filtrate (35 un its o f  activ ity  per m l) 
w ere m ain ta ined  at different p H  by add in g  5 ml o f  
M cllv a in  buffer o f  d ifferent p H  ran gin g  from  4 .5 -5 .5  
and  w ere in cu b ated  a t 37°C  for  4  hr on  th e recip rocatin g  
shaker. A fter  in cu b ation , reaction  m ixtures w ere centri­
fu ged  to  rem ove unreacted  bagasse and  supernatant  
w ere analysed  fo r  red u cin g  sugar per m l o f  reaction  
m ixture. R esu lts sh o w n  in  T ab le 1 in d icate  op tim u m  
saccharification  to  occu r a t p H  5.1. R ed u cin g  sugar p ro ­
duced a t th is  p H  is  0 .038  m g per m l reactio n  m ixture  
corresp ond in g  to  per cen t hyd rolysis o f  7 .6  based  o n  the  
am ou n t o f  b agasse  u sed  in  th e reaction  m ixture.

Effect o f  temperature: R ea ctio n  m ixtures con ta in in g
5.0  m g b agasse , 5 m l cu lture filtrate and  5 m l M cllv a in  
buffer a t p H  5.1 w ere in cu b ated  fo r  4  hr at different 
tem peratures as sh ow n  in  T ab le  2. T em peratures w ere  
m ain ta ined  o n  a  sh ak in g  w aterbath . A fter in cu b atio n  
reducing sugar and per cen t h yd ro lysis a t different 
tem peratures w ere recorded as in  T ab le 2 . T h e op tim u m  
tem perature requirem ent fo r  bagasse saccharification  by 
the cu lture filtrate is  50°C.

Table 2. effect of temperature o f  incubation on saccharifi­
cation BY CULTURE FILTRATE

Reaction mixture 
temp. °C

Reducing sugar produced 
(mg/ml of reaction mixture)

%Hydrolysis

25 0 . 0 1 0 2 . 0
30 0 . 0 1 2 2.4
37 0 . 0 2 0 4.0
42 0.029 5.8
48 0.035 7.0
50 0.040 8 . 0
54 0.033 6 .6
60 0.027 5.4

A  p H  o f  5.1 and  tem perature o f  50°C  corresp ond s  
w ith  th ose  o f  o ther in vestigators9, 10.

Effect o f  substrate to enzyme ratio: R ea ction  m ixtures
con ta in in g  5 m l cu lture filtrate, 5 m l M c llv a in  buffer o f  
p H  5.1 and  varying am ou n ts o f  bagasse (240 m esh  size) 
w ere in cu b ated  at 50°C  fo r  4  hr. A fter  in cu b ation , 
red ucin g  sugar and per cen t o f  bagasse h yd rolysed  were  
estim ated . R esu lts are presented  in  T ab le 3 from  w hich  
i t  can  be seen  th at fo r  op tim u m  saccharification  a  ratio  
o f  2 m g bagasse per m l o f  cu lture filtrate w o u ld  be m ost  
su itab le. H igh er qu antities o f  bagasse per m l o f  culture  
filtrate d id  n o t increase th e per cen t h yd rolysis.

Effect o f  particle size: T yp ica l en zy m ic  reactions  
in v o lv e  th e d isso lu tio n  o f  the substrate to  the m olecu lar  
level w hereby m axim u m  efficiency co u ld  b e  expected . 
Since bagasse is in so lu b le  sub strate and because the rate  
o f  h yd rolysis o f  ce llu lo se  is  d irectly  p rop ortion a l to  its  
a m o rp h ou s11 nature th e stud y o f  th e effect o f  particle  
size o f  bagasse o n  the ex ten t o f  sacch arification  is  
im portant. M ain ta in in g  th e sam e co n d itio n s  as in  
p rev iou s experim ents bu t k eep in g  th e q u an tity  o f  
bagasse con stan t, stud ies w ere carried o u t w ith  bagasse  
p ow d er o f  different particle size. R esu lts are show n  
in  T ab le 4.

Table 1. effect OF P H  ON THE SACCHARIFICATION OF BAGASSE 
BY THE CULTURE FILTRATE

Table 3. variation of saccharification with
SUBSTRATE TO CULTURE FILTRATE RATIO

CHANGE IN

Reaction mixture 
pH

Reducing sugar produced 
(mg/ml of reaction mixture)

% Hydrolysis Bagasse in reaction 
mixture (mg/ml)

Reducing sugar produced 
(mg/ml reaction mixture)

% Hydrolysis

4.5 0.028 5.6 0.5 0.025 5.0
4.8 0.032 6.4 1 .0 0.045 9.0
5.0 0.036 7.2 1.5 0.051 1 0 .2

5.1 0.038 7.6 2 . 0 0.070 14.0
5.2 0.034 6.8 2.5 0.070 14.0
5.3 0.030 6.0 3.0 0.070 14.0
5.4 0.028 5.6 3.5 0.070 14.0
5.5 0.025 5.0 4.0 0.069 13.8
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Table 4. particle size as a variable in saccharification
Bagasse particle size (microns) (X)

Reducing sugar produced (mg/ml reaction mixture)
% Hydrolysis

353<X <178 0.076 7.6
178<X <152 0.092 9.2
152<X <104 0.104 10.4
104<X<76 0.114 11.4
76 <  X <66 0.125 12.5
66 <X 0.160 16.0

Reaction mixture consisted of 10 mg bagasse, 5 ml buffer of pH 5.1, and 5 ml culture filtrate (35 units of activity per ml)

It can  be seen  from  T ab le 4  th at as particle  size o f  
bagasse decreases th e ex ten t o f  its en zym ic saccharifi­
ca tio n  or in  other w ords per cen t h yd rolysis increases.

Substrate modification: B agasse ob ta in ed  b y  prelim i­
nary treatm ents as described  b efore w as subjected  
further to  several k in ds o f  treatm ents, n am ely  treatm ent 
w ith  stronger acid  (5 per cen t H 2SO 4) and stronger alkali 
(1 N  N a O H ) fo llo w ed  b y  w ash in g , h eatin g  (75°C ), 
h eatin g  fo llo w ed  b y  grind ing, a lk ali treatm en t, neutra­
liz a tio n  and  drying. A c id  and  a lk a li treatm ents w ere  
carried out fo r  2  hr. H eatin g  w as carried o u t fo r  on e  
h ou r. R ea ctio n  m ixtures co n sistin g  o f  10 m g  m od ified  
b agasse ( 6 6 < x < 7 6 ) ,  5 m l cu lture filtrate and 5 m l 
buffer a t p H  5.1 w ere in cu b ated  at 50°C  fo r  4  hr after  
w h ich  per cen t hyd rolysis w as determ ined as described  
before. R esu lts are g iven  in  T ab le 5.

It seem s from  th e results in  T ab le 5 th at fo r  m axim u m  
saccharification  o f  bagasse , p rop er m od ifica tion  th rou gh  
app ropriate treatm ents prior to  saccharification  is 
necessary.

Growth of yeast on bagasse hydrolyzate: T h e liq u id  
co n ta in in g  ferm entab le sugar ob ta in ed  by em zym ic  
hyd ro lysis o f  bagasse w as centrifuged at 900 rpm  fo r  30 
m in  and th e clear liq u id  centrifugate w as u sed  to  test 
its  su itab ility  as a raw  m aterial for  cellu lar synth esis o f

Table 5. effect of substrate modification on enzymic
HYDROLYSIS OF BAGASSE

Type of treatment Reducing sugar produced
No treat, after pre­

(mg/ml reaction mixture) % Hydrolysis
liminary treat. 0.08 8.0

Acid treated 0.13 13.0
Alkali treated 0.142 14.2
Heat treated 
Heating and acid treat­

0.122 12.2
ment

Heating, grinding, al­kali treat, neutraliza­
0.150 15.0

tion and drying 0.240 24.0

Table 6. growth of S .  cerev isia e on bagasse hydrolyzate 
and glucose medium

Medium Growth (o.d/ml of medium) Growth

Enriched bagasse 7.6 0.32 mg/mg cellu­hydrolyzate lose hydrolyzed
Glucose with other 2.3 0.50 mg/mg glu­nutrients as in above medium cose utilized

Saccharomyces cerevisiae, a fo o d  yeast. In  th e hyd ro ly tic  
reaction  2 m g  o f  m od ified  bagasse w as u sed  per m l o f  
cu lture filtrate. T h e clear h yd rolyzate w as con cen trated  
b y  evap oration  to  g ive  a ferm entab le sugar con cen tration  
o f  5 .0  m g per m l o f  centrifugate. T h is con cen trate w as  
a u toclaved , co o led  and fortified  w ith  M g S04 , 7 H 20 ,
0 .15  m g /m l, (N H 4)s  P O 4, 1 .0 m g /m l, C a -p a n to th en a te ,
0 .5  m g /m l, th iam in e h yd roch loride, 4 .4 4  m g /m l and  
b io tin , 0 .0 02  m g/m l under ascep tic  con d itio n s. It w as  
n ext in ocu la ted  w ith  5 per cen t in ocu lu m  o f  th e organism  
prepared in  th e  sam e w a y  as described  in  th e  case o f  
Trichoderma viride Q M 6a and  in cu b ated  a t 28°C  o n  a  
recip rocatin g  shaker, h av in g  3 in ch  am plitud e and 96  
strokes per m in , for  18 hr. A fter  in cu b ation  g row th  
o f  th e organ ism  w as m easured . F o r co m p a riso n  an a ly ti­
ca l grade g lu co se  w as used  in  p lace o f  con cen trated  
bagasse hyd ro lyzate in  grow th  m edium . T h e resu lts  
sh ow n  in  T ab le 6 in d icate  th at yeast grow th  in  pure  
glu cose  m ed iu m  is h igher, com pared  w ith  th at in  b agasse  
hyd ro lyzate m ed iu m . T h is low er grow th  in  h y d ro lyza te  
m igh t be due to  th e  presence o f  certain  h y d ro ly tic  p r o ­
d u ct w hich  is in h ib itory  to  th e grow th  o f  yeast.

Conclusion: In form ation s o n  en zym ic saccharifi­
ca tion  o f  bagasse p rovided  in  th is  paper w ou ld  be u sefu l 
in  com m ercia liza tion  o f  th e process. R esu lts  o f  the  
effect o f  p rocess variab les lik e  p H  and  tem perature fo r  
exertion  o f  op tim u m  activ ity  o f  cellu lase system s o f
T. viride Q M 6a  in  b agasse saccharification  w as in  
co n form ity  w ith  th e find ings o f  o ther w orkers9, 10. 
E n han cem en t o f  saccharification  by size red u ction  o f  
bagasse particles and its  m od ifica tion s b y  ch em ical and  
p h ysica l treatm ents estab lish  th e n ecessity  o f  prop er  
pretreatm ent fo r  op tim u m  saccharification  o f  bagasse . 
T h is is in  agreem ent w ith  th e rep ort o f  som e w ork er5 
w ith  different ce llu lo sic  m aterial. T h e ex ten t o f  sacchari­
fication  by a cid  hyd rolysis (7  per cen t su lphuric acid  so lu ­
tio n ) has been  reported  to  be 2 .9  per c e n t12. In  con trast 24  
per cen t hyd rolysis h as b een  ob ta in ed  under o p tim u m  
con d itio n s w orked  o u t in  th ese experim ents. U sefu ln ess  
o f  bagasse h yd rolyzate as substrate fo r  sin g le  cell p ro ­
te in  p rod u ctio n  has been  rep orted 3. W e h ave a lso  fo u n d  
th at i t  can  b e used  in  th e p rod u ction  o f  S. cerevisiae, a
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fo o d  yeast. It in d icates th e p o ssib ility  o f  su b stitu tin g  6. 
hyd rocarbon s b y  th is  hyd ro lyzate as substrate in  SC P  
p rod u ction . S ince hyd rocarbon s have been  rep orted  7. 
to  im part carcin ogen ic  p rop erty  to  th e SC P  ob ta in ed  by  
the use o f  h yd rocarb on s bagasse can be h yd rolysed  and  8. 
utilized as su itab le substrate.
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ERRATA
“ Stud ies o n  p ec tin  m eth y l esterase activ ity  during d eve lop m en t an d  rip en in g  o f  guava  
fru it”  b y  P ratim a N . Sastri and  N . V . Sastri, p u b lish ed  in  th is  Journ al 1 9 7 5 ,1 2  (1 ), 42 .

(A) P age 42 , co lu m n  1, para 2 , lin e 9.
M atter p rin ted  as C O O H  grou p s lib erated /h r/g . sh ou ld  be read  as C O O H  group s  
lib erated /h r /10 g.

(B)  P age 4 2 , F igu re 1.
C urve ‘c ’ represents to ta l p ectin  co n ten t (m g  ca  p ectate/lO O g fresh  w e ig h t) .  
T h e secon d  vertica l lin e  o n  th e  right h a n d  sid e  o f  th e  figure represents th is  
param eter (range 0 -8 0 0  m g).
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C o n t r o l l e d  S u n  D r y i n g  o f  F r e s h l y  H a r v e s t e d  P a d d y  f o r
I m p r o v e d  M i l l i n g  Q u a l i t y

M . K . Bhashyam, T . Srinivas and H . S. R . Desikachar 
C entral F o o d  T ech n o log ica l R esearch  In stitu te, M ysore India.

M a n u sc r ip t R ec e iv ed : 23 D ec em b er 1974
Freshly harvested paddy at 20-24% moisture in several varieties was sun dried under different weather conditions. The effect of 
stirring and intermittent covering (tempering) during drying on the milling quality of paddy was evaluated. It was observed that when 
the temperature was high (40-45°C) and humidity was low (less than 45 %) direct sun drying caused high breakage. Stirring the 
paddy once in about half an hour and inclusion of one or two tempering steps when grain reaches 17 % moisture was highly benefi­
cial. When the temperature is mild (25-32°C) the tempering steps may not be essential. A general recommended procedure is to dry 
the paddy upto 17% moisture with stirring at half hour intervals followed by a two to three hour tempering under cover and final 
drying to about 14% moisture.

T h e detrim ental effect o f  late  harvesting o f  p ad d y  on  
its m illin g  quality  is w ell k n o w n 1-6. F or m in im ising  
m illin g  breakage, therefore, harvesting o f  p ad d y  at an  
average m oistu re con ten t in  th e  range o f  2 0 -2 4  per een t 
has been suggested  and has been  increasingly  practised  in  
m an y rice p rod u cin g  countries. M ech an ica l driers have  
b een  used , as a  rule, for drying o f  th e pad dy in  the d ev e lo ­
p ed  coun tries and fo r  h an dling  bu lk  qu an tities o f  pad dy  
in  th e large assem b ly  centres even  in  th e deve lop in g  
countries. T h e lan d  h o ld in g  situ ation  in  m an y  Ind ian  
villages d oes n o t h ow ever favou r th e w idespread use o f  
su ch  m ech an ica l driers and ca lls for a  s im p le, relatively  
inexp ensive m eth od  o f  drying p ad d y  w ith o u t affecting  
its  m illin g  quality. In reg ions w here fa ir w eather is 
present a t th e tim e o f  harvesting, sun  drying prom ises  
such  a p o ssib ility  prov id ed  the deficiencies o f  sun drying  
as cu stom arily  practised  can be overcom e.

C raufurd7, w ork in g  in  A frica , recom m en ded  that 
p ad dy cou ld  be dried w ith  m in im um  dam age to  m illing  
quality  by reducing th e  severity o f  th e A frican  su n  by  
in terp osin g  a  ligh t shad in g  betw een the sun and the  
p ad d y  and n o t a llow in g  p ad d y  tem perature to  rise 
b eyon d  38°C. C han cellor8 arrived at eq u ation s from  
w hich  drying rate o f  p ad d y cou ld  be predicted  and his 
w ork sh ow ed  th at drying rate depen ded  on  area o f  pad dy  
ex p o sed  to so lar radiation . Frequent raking im proved  
th e rate o f  drying. B hattacharya and A li9 im proved  on  
the trad itional m eth o d  o f  sun  dryin g  o f  parb oiled  paddy  
and stressed th e usefu lness o f  an in term ediate tem pering  
step fou n d  so  usefu l in  m ech anical drying o f  p ad dy for  
m inim ising  m illin g  breakage. T h e ap p lica tion  o f  the  
princip les o f  (i) frequent raking fo r  im p rov in g  the  
uniform ity  o f  dryin g, and (« )  tem pering fo r  m oderatin g  
dryin g  rate for better m illin g  quality  for  drying o f  fresh ly

harvested p ad d y  and standardising a  w ork ab le p ro ce ­
dure fo r  a d o p tio n  by farm ers in  Ind ian  v illages is  rep ort­
ed here.
Materials and Methods

P add y w as harvested  w hen  average grain  m oistu re  w as  
2 0 -2 4  p er  c e n t  th reshed im m ediately  and  freed o f  chaff. 
T h e p ad d y  w as spread in  1 in ch  th ick  layer on  a  p aved  
yard and dried fo r  a b o u t 2 hr w hen th e m oistu re  level 
w as reduced to  1 5 -1 8  per cent. T h e p ad d y  w as raked  
and  m ixed  every h a lf  an hou r du ring  th is p eriod . T h is  
p ad dy w as divided  in to  3 lo ts  and p rocessed  as f o l lo w s : 
O ne lo t  w as dried con tin u o u sly  w ith o u t stirring, th e  
seco n d  lo t  dried w ith  stirring on ce  in  every  h a lf  an  h ou r  
and  the th ird  sam ple w as covered  w ith  a  tarp au lin  fo r  
o n e  hou r fo llo w ed  by drying fo r  h a lf  an  h ou r alter­
n ate ly  until grain  m oistu re w as reduced to  a b o u t 14 
per cen t. Sam ples w ere w ithd raw n at intervals and  
m oistu re con ten t determ ined by ov en  dryin g  m eth od  b y  
drying a t 105°C  fc r  16 hr. A ll sam ples w ere sh ad e  
dried to  ab ou t 14 p er  cent m oistu re fo r  m illing . M illin g  
q u ality  w as determ ined in  a  M cG ill type lab oratory  
sheller10.

B ased  on  th is in itia l exp lorative stud y con d u cted  at 
H iriyur (w ith  air tem perature, 39 to  44° C  and R H  4 4  to  
20  per cen t) o n  on e variety  (H alu b b u lu ), experim ents w ere  
carried o u t in  M ay  1972 o n  4  other varieties at G an ga-  
vathi Farm , K arn ataka State w here en viron m en ta l 
tem perature varied from  29 to  37°C , am bien t R H  vary­
in g  from  60 to  40  p e rcen t. In January 1973 th ese stud ies  
w ere exten ded  to  3 o ther varieties a t N ag en a h a lli Farm , 
M ysore w here am bien t air tem peratures w ere low er  
(2 4  to  30°C , th e R H  varyin g  from  60 to  40  per cen t). In  
order to  stud y the effect o f  dryin g  w ith  h igher air tem ­

124



BHASHYAM et a l.: CONTROLLED SUN DRYING OF FRESH PADDY 125

peratures tw o  m ore varieties w ere sun dried du ring  th e  
sum m er o f  1973 at the B h avan isagar F arm , T am il 
N a d u  State(34  to  39°C  and R H  65 to  61per cen t).
Results and Discussion

D a ta  from  stud ies o n  the dryin g  ch aracteristics o f  
pad dy are presented  in  F ig . 1-4. T y p ica l data  o n  on e  
variety in  each  o f  th e  fou r sets o f  experim ents are p resent­
ed. A s can  be seen  from  th e curves presented  in  F ig l-4 ,  
con tin u o u s dryin g  o f  th e p ad d y a llo w ed  dryin g  in  a  
short p eriod  bu t cau sed  h igher breakage th an  w h en  th e  
drying w as s lo w ed  d ow n  by tem p erin g  or h o ld in g  in  
betw een dryin g  steps. T h e beneficia l effect o f  stirring  
o n ce in h a lf  an  hou r is  ev id en t from  th e data  in  F ig . 1. 
Sum m ary o f  m illin g  breakage data  for each  o f  the d if­
ferent varieties is  presented  in  T ab le 1.

W hen the en viron m en tal tem perature w as m ild  (2 5 -  
32°C) as in  th e w inter experim ents at N a g en a h a lli the  
differences betw een  th e shad e dried and th e sun dried  
pad dy sam ples ten d ed  to  b ecom e very sm all in d icatin g  
th at con tin u ou s drying m ay be p o ssib le  in  such  en v iron ­
m ents. H ow ever w hen  the am b ien t tem perature w as  
high  (3 5 -4 0 °C ) as in  H iriyur or B h avan isagar or w hen  
the p ad d y  h ad  p o o r  m illin g  q u a lity  due to  varietal 
peculiarity  as in  Jaya and M C M -2  the difference betw een  
the con tro l shade dried p ad dy and th e sun dried p ad dy  
sam ples w as large. In  su ch  cases th e in c lu sio n  o f  on e  or  
m ore tem p ering  step  w o u ld  be beneficial.

A lth o u g h  three or m ore tem p ering step s have been  
includ ed  in  m an y  o f  the experim ents represented in  
F ig. 1-4, further stud ies have sh ow n  th at tw o  tem p ering  
steps are qu ite sufficient as m illin g  q u ality  o f  p ad d y  w as  
essentia lly  sim ilar betw een  the tw o  step  or fou r step  
tem p ering  procedure. F or  varieties w ith  fairly g o od  
m illing  q u ality  (S— 701, IR -20  and S— 749) even  on e  
tem pering step  o f  3-4 hr is p racticab le w ith o u t causing

Fig. 1. Effect of different methods of sun drying on milling breakage of Halubbulu paddy at Hiriyur.
— A — Sun drying with stirring; —• — Sun drying with­out stirring; —x — Drying phase; --X-- Tempering phase under cover.

T a b l e 1 . EFFECT OF SUN DRYIN G ON M ILLING BREAKAGE OF PADDY

Milling breakage %Ambient air Ambient* Initial -----
Variety & place Season temperature RH paddy Shade Continuous Dried withrange (°C) range, % moisture % dried drying tempering
S-701 (N) Jan 73 25-30 57-47-44 21.0 6.0 9.5 o .2

S-1092 (N) Jan 73 29-32 55-60-57 20.0 22.5 25.2 25.0
S-749 (N) Jan 73 24-30 58-42 20.0 15.2 18.6 16.8
Jaya (N) Jan 71 25-32 34-40 18.4 26.0 45.0 31.0
MR-27 (G) May 72 29-37 60 1̂2-39 22.0 39.0 44.0 43.0
MCM-2 (G) May 72 29-37 60-42-39 25.5 38.0 57.0 53.0
CO-29 (G) May 72 29-37 60-42-39 22.0 14.2 19.0 18.0
IR-20 (G) May 72 30-42 67-47-32 19.0 20.0 28.0 22.0
IR-20 (B) May 73 30—42 65-61-61 24.0 16.0 22.0 16.9
Ranch i (B) May 73 34-39 65-61-61 21.9 26.5 28.5 28.0
Halubbulu (H) May 71 39-44 44-22-20 21.4 7.0 38.0 13.0

N-Nagenahalli, Karnataka; G-Gangavati, Karnataka; B-Bhavanisagar, Tamil Nadu; and H-Hiriyur, Karnataka. »Relative humidity (RH) was measured at 10 a.m., 12 noon and 4 p.m.
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breakage of MR-27 paddy at Gangavati.Legend as under Fig. 1.

Fig. 3. Effect of different methods of sun drying on milling breakage of S-749 paddy at Nagenahalli.
Legend as under Fig. 1.

Fig. 4. Effect of different methods of sun drying on milling breakage of IR-20 paddy at Bhavanisagar.
Legend as under Fig. 1.

un du e increase in breakage o f  pad dy. T h e type o f  
coverin g  to  be prov id ed  to  the p ad d y  is n o t h igh ly  
critical and cou ld  be loca lly  p rovided . I t cou ld  be a  
tarpaulin , m at, straw  or co co n u t le a f  cover to  prevent 
exposu re o f  th e p ad dy to  th e d irect sun . In  stud ies to  
find o u t th e essen tia lity  o f  h eap in g  during th e tem p ering  
p eriod , it has b een  sh ow n  th at the p ad d y cou ld  even  be  
spread du ring th e tem p ering  ph ase but has to  be under  
cover again st sun . M oistu re d eterm in ation s sh o w  th at  
s low  drying con tin u es to  occur even under such  covered  
co n d itio n s.

T h e m ajor w inter harvesting season  for p ad d y  is dry  
and  clear over a larger part o f  Ind ia  and  sun dryin g  
w ou ld  be p racticab le. T h e sum m er p ad d y  season  is  a lso  
n orm ally  h o t and dry during th e d ay  a lth o u g h  fo r  th e  
late  harvested sum m er crop  and the ‘K u ru va i’ crop  o f  
T am il N a d u  th e w eather is m o n so o n  type and u n favou r­
able. T h e present stud ies sh o w  th at w herever clear  
w eather p revails, sun drying can be p ractised  w ith  
m in im u m  dam age to  the m illin g  qu ality  o f  p ad d y  p ro ­
v id ed  the scientific  princip les enum erated  a b o ve  are 
fo llo w ed  and appears to  be the m o st eco n o m ica l 
m eth o d  o f  dryin g  practicab le for  sm all farm ers in  th e  
villages.
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M a n u sc r ip t R e c e iv e d : 13 M a y  1974
Malathion residue on b h in d i (okra) was removed by 89 and 79 per cent due to washing, 87 and 58 per cent due to open-cooking, 
76 and 58 per cent due to steam-cooking, 92 and 92 per cent due to dehydration from lower (0.05 %) and higher (0.1 %) treatment 
dosages respectively. Thus all the processes removed malathion residue below the tolerance limit of 3 ppm.
In case of carbaryl treated vegetables washing removed the residue by 6 6  and 70 per cent, open cooking by 42 and 25 per cent, 
steam- cooking by 82 and 49 per cent, dehydration by 79 and 77 per cent from lower (0.25%) and higher (0.5%) application dosages 
respectively indicating thereby that in case of lower treatment dosage only all the processes except open-cooking removed the 
residue below the tolerance limit of 1 0  ppm.
Endosulfan residue due to the application dosages of 0.1 and 0.2 per cent was removed by 35 and 49 per cent by washing, 26 and 24 
per cent by open-cooking, 26.93 and 31.12 per cent by steam-cooking, 58 and 57 per cent by dehydration respectively. Thus, none 
of the processes in any Oi the two treatment dosages could remove the residue below the prescribed tolerance limit of 2 ppm.

S om e im portant in sect p ests o f  O kra (.Abelmoschus 
esculentus M o en ch .) p articu larly  th e sh o o t and fruit 
borers (Earias fabia  S to ll.) ja ssid s (Emrasca devastans 
D ist.)  and  ap h id s (Aphis gossypii G lo ver) are m ajor  
lim iting  factors in  th e profitab le cu ltiva tion  o f  th is crop. 
N atu ra lly , th erefore, in sectic id a l sprays are frequently  
used  o n  th is crop  fo r  its  p ro tectio n  from  th e ravages o f  
the in sect p ests. ‘P u sa  saw an i’ variety  o f  ok ra  w h ich  is  
often  recom m en d ed  to  cu ltivators due to  its  h igh  y ie ld in g  
character, starts bearin g  w hen  the p lan ts are ab o u t 6

inch es ta ll and con tin u es fru iting. T h e v egetab les  
th at receive in sectic id a l d ep osits  du e to  fo liar  sprays  
reach  th e m arket fo r  h u m an co n su m p tion . M a la th ion , 
carbaryl and en d osu lfan  have been  recom m en d ed  to  
co n tro l th e p ests o f  okra crop  b y  L ai and  D h a ll1, 
S atp athy  and  M ish ra2, Jat and  SrivastavaJ, and  
D a d h eech 4. T h e residues o f  th ese in secticid es o n  okra  
m ay cau se  h ealth  hazards to  th e consu m ers parti­
cu larly  i f  the residues are m ore th an  th e prescribed  
to lerance. S in ce okra are never ea ten  raw  and  are

P re se n t a d d re ss : Department of Zoology, University of Allahabad.
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o ften  w ashed , co o k ed  or dehydrated  b efore use, the  
objective o f  th e experim ent w as to  exam in e th e effect 
o f  th ese p rocesses on  the rem oval o f  the residues o f  
m a la th ion , carbaryl and en d osu lfan  w hich  m ay rem ain  
o n  th is vegetab le in  m ore th an  desirable quantities i f  
prop er tim e interval betw een  ap p lication  and harvest 
is n o t ad op ted . T he in itia l d ep osits received from  the  
ab o ve  insecticides were tak en  as th e base fo r  exam in ing  
the effect o f  variou s processes. T h e results o f  the stud ies  
con d u cted  from  th is p o in t o f  v iew  are reported  in  th e  
present paper.
Materials and Methods

T echn ical grades o f  m alath ion , carbaryl and en d o ­
sulfan  w ere used for preparing standard ca lib ration  
curves (after m athem atical extrap ola tion ) u sin g  distilled  
carb on tetrach lorid e, aceton e and isop rop y l a lcoh o l 
(w /v )  resp ectively  as th e so lven ts. T h e com m ercia l 
form u lation s o f  d ifferent in sectic id es w ere used  as  
fo liar  sprays for field ap p lica tion . Spray so lu tion s  
con ta in in g  0 .05  and 0 .10  per cent m alath ion , 0 .25  and
0 .5 0  per cen t carbaryl and  0 .1 0  and 0 .2 0  per cen t en d o ­
sulfan  (v /v )  w ere prepared in  ordinary tap  w ater.

T h e crop  w as raised o n  th e H orticu latural Farm  o f  
R ajasthan C ollege  o f  A griculture, U daipu r. T he  
experim ent w as la id  ou t in  a  ran d om ized  b lock  design . 
T h e size o f  each  p lo t w as 8 x 4  m eters. T h e seeds o f  okra  
variety  ‘P usa  saw an i’ w ere sow n  a t the rate o f  18 
kg-ha. T h e crop  w as sprayed 60 days after sow in g  w hen  
sufficient num ber o f  fruits had appeared . A  han d  
com p ression  sprayer w as used  for  spraying w hich  w as  
calibrated  before use. Spraying w as d on e to  th e dripping  
level.

T h e sam ples o f  norm al m arketable okra (3 -4 " )  
w ere rand om ly  draw n from  each  treated and  con tro l 
p lo t, 1-2 hr after th e spraying. T h e sam ples w ere co l­
lected  w ith  th e h elp  o f  scissors in  prev iou sly  tagged  
p o ly th en e bags w ith ou t tou ch in g  by hand. In order to  
find o u t the in itia l d ep osits  (residues before processing)  
th e sam ples w ere ch op p ed  in  0 .5  to  1 cm  sizes w ith  
scissors. R ep resentative sam ples o f  50 g  from  each  
treatm ent and con tro l w ere p u t in to  prop erly  lab elled  
w id e m ou th  500 m l con ica l flasks. E xtraction  o f  m ala ­
th io n  w as d on e  w ith  100 m l carb on tetrach lorid e and that 
o f  carbaryl w ith  150 m l o f  d ich lorom eth an e by vigorou s  
shak in g  for an  hou r on  an electric  shaker. T h e extract 
w as filtered over anh ydrou s sod iu m  sulphate p laced  in  a 
fu n n el p lu gged  w ith  co tto n  w o o l in to  lab elled  bottles  
w h ich  w ere m ade air tigh t and stored  in  deep  freezer 
for  further analysis. In  case o f  en d osu lfan  treated fruits 
th e ex traction  o f  ch op p ed  fruits w as d on e  w ith  m eth yl 
cyanide (aceton itrile) by b lending for  1 m in and filtered  
th rou gh  cintered  fu n n el by vacuu m  pum p. T h e vo lu m e  
o f  each  50 g  sam ple extract w as m ade to  150 m l. T he

con ten ts w ere rinsed w ith  200 m l o f  norm al h exan e and  
filtered again . T h e filtrate w as add ed  to  th e m eth y l  
cy a n id e extract.

In  order to  exam in e the effect o f  w ash in g , norm al 
m arketable fru its w ere w ashed  fo r  30 sec w ith  tap  w ater  
b efore ch op p in g  fo r  extraction . T o  stu d y  th e effect o f  
different m eth o d s o f  co o k in g  on  th e rem oval o f  residues  
the vegetab le w as ch op p ed  and  co o k ed  for  10 m in  
b oth  b y  o p en  co o k in g  and steam  (pressure) co o k in g  res­
p ective ly  b efore th ey  w ere extracted  w ith  their respective  
so lven ts in  th e m anner described a b ov e. T o  stu d y  the  
effect o f  d ehydration  th e norm al m arketab le sa m p les  
w ere cu t len gth w ise in to  4  quarters and b lan ch ed  w ith  
b o ilin g  w ater for  4  m in . T h ey  w ere th en  dried at 68°C  
for 8 hr. A fter  desired degree o f  d ehydration  (drying  
ratio  o f  2 :1)  th e fru its w ere extracted  w ith  their res­
pective  so lven ts in  the m anner described  earlier.

T h e estim ation s o f  m icroq u an tities o f  residues w ere  
carried o u t by th e co lorim etric  m eth od . T h e m eth od  
used  for m a la th ion  w as th e o n e  em p loyed  b y  N o rr is  
et al.5 and m od ified  and  recom m en d ed  b y  M ala th ion  
P an el6. C arbaryl analysis w as d o n e  by th e m eth od  
g iven  b y  B en son  and  F in och iaro7 w h ich  is a  m od ifi­
ca tion  o f  official co lorim etric  m eth o d 8. E n d osu lfan  
analysis w as d o n e  by th e m eth od  recom m en d ed  by  
B utler et al.9 and  m odified  b y  M aitlen  et al.10. R ecovery  
in  th e fortified  ok ra  w ith  m a la th ion , carbaryl and  
en d o su lfan  w as fo u n d  to  be 71.66, 80.81 and  78.88 per  
cen t resp ectively . T h e per cen t red u ction  o f  residues w as  
ca lcu la ted  o n  th e b asis o f  th e in itia l d ep o sit (residue  
b efore processing) and  th e residue ob ta in ed  after each  
ind iv idu al p rocessing .
Results and Discussion

T h e norm al m arketab le size o f  ok ra  fru its received  
in itia l d ep osits  o f  2 .58  and  4 .63  p p m  for  m a la th ion  0 .05  
and  0 .1 0  per cen t sprays, 17.53 and 4 0 .20  pp m  for  
carbaryl 0 .25  and  0 .5  per cen t sprays, 6 .98  and 15.10  
p p m  for en d osu lfan  0.1 and 0 .2  per cent sprays. T h ese  
in itia l d ep o sits  w ere taken  as base to  exam in e th e effect 
o f  variou s p rocesses on  th e exten t o f  their rem oval.

Effect o f  washing: O n ly  a  30 sec w ash in g  o f  treated  
okra w ith  tap  w ater resu lted  in  con sid erab le  rem oval o f  
m ala th ion  d ep osits  w hich  is ev id en t from  the fact th at a  
residue o f  0 .28 and 0 .95  p p m  o f  m ala th ion  w as fo u n d  on  
w ash ed  okra for  an ap p lica tion  d osage o f  0 .05  and  0 .1 0  
per cen t m alath ion . record ing thereby a red u ction  o f
89.15 and 79.48 per cent respectively . W allis et a l11. 
a lso  reported  th at o n ly  o n e  m in u te w ash ing  o f  ok ra  
h avin g  an in itia l d ep osit 15.20 p p m  o f  m a la th ion  
rem oved  the residue to  the ex ten t th at on ly  traces o f  
m alath ion  cou ld  be detected  on  w ashed  okra In  case  
o f  to m a to , S in gh  and  L ai12 rep orted  a  red u ction  o f  
86.20 per cen t in  m alath ion  d ep o sit by o n e  m in u te
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Table 1. effect of washing, cooking and dehydration on the removal of the deposits of malathion, carbaryl andENDOSULFAN FROM OKRA
Initial Residue after Residue after Residue after Residue afterdeposit washing open cooking steam cooking dehydrationTreatmentdosage Repli- Repli- Reduc- Repli- Reduc- Repli- Reduc- Repli- Reduc-% cates cates tion cates tion cates tion cates tion(ppm) (ppm) (%) (ppm) (%) (ppm) (%) (ppm) (%)

MALATHION
2.92 0.30 0.42 1.20 0.200.05 2.96 0.35 89.15 0.35 86.82 0.41 75.97 0.25 91.861.85 0.19 0.25 0.25 0.19
(2.58) (0.28) (0.28) (0.62) (0.21)
3.80 0.30 1.95 1.80 0.40

0.1 5.39 1.70 79.48 2.40 58.32 2.20 57.88 0.40 91.79
4.70 0.85 1.43 1.85 0.35
(4.63) (0.95) (1.93) (1.95) (0.38)

CARBARYL
18.20 5.94 10.20 4.20 4.44

0.25 16.20 5.64 66.12 10.20 41.81 2.70 81.75 2.64 79.24
18.20 6.24 10.20 2.70 3.84

(17.53) (5.94) (10.20) (3.20) (3.64)
40.20 12.24 29.70 22.20 11.64

0.5 34.20 11.64 69.55 29.70 24.88 20.70 48.51 6.84 77.01
46.20 12.84 31.20 19.20 9.24

(40.20) (12.24) (30.20) (20.70) (9.24)
ENDOSULFAN

6.45 4.44 4.84 4.80 2.80
0.1 6.98 4.44 34.67 5.24 26.22 5.26 26.93 2.84 57.59

7.52 4.80 5.36 5.24 3.24
(6.98) (4.56) (5.15) (5.10) (2.96)
14.98 7.64 11.24 10.04 6.20

0.2 13.12 8.64 48.94 11.84 23.58 11.61 31.12 6.64 57.35
17.20 6.84 11.54 9.85 6.48

(15.10) (7.71) (11.54) (10.50) (6.44)
Figures in parenthesis indicate mean values.

w ashing  on ly . E lk in es et al.n  a lso  rep orted  th at co ld  
water w ash in g  rem oved  96 per cen t m a la th ion  residue  
from  beans.

In  case o f  carbaryl th e in itia l d ep osit as a  resu lt o f  
tw o  ap p lica tio n  d osa ges reduced to  5 .94  and  12.24 pp m  
respectively  by tap  w ater w ash in g  o f  ok ra  for  30 sec  
(T able 1). T h us, w ash in g  decreased  th e carbaryl d ep osit  
by 66 .12  and 69 .55  per cen t fo r  low er and  higher ap p li­
ca tion  d osages respectively . D esh m u k h  and L a i14 a lso  
rep orted  th at tap  w ater w ash in g  o f  brinjal treated  
w ith  carbaryl rem oved  its  residue to  a  great ex ten t and  
the residue am ou n tin g  to  48 .50  p p m  w as reduced by  
w ashing b e lo w  prescribed  to leran ce lim it. D ew a n  
et al.]5 w ork in g  o n  okra a lso  rep orted  th at 11.83

cm  rainfall w ash ed  th e in itia l d ep o s it o f  carbaryl to  n il 
th ereb y record ing  a  100 per cen t red u ction  o f  carbaryl 
residues. B indra16 rep orted  80 to  83 per cen t red uction  
o f  carbaryl by w a sh in g  o f  to m a to .

It is  in terestin g  to  n o te  th at in  case o f  en d o su lfan  30  
sec tap  w ater w ash in g  resu lted  o n ly  in  34 .67  and 4 8 .94  
per cent rem oval o f  th e en d o su lfan  d ep osits  as the  
a m ou n t o f  residue d etected  w as 4 .56  and  7.71 p p m  for  
low er and  h igher treatm ent d osages resp ectively , in d ica t­
in g  thereby th at en d osu lfan  is m ore persistant and  is n o t  
easily  rem oved  b y  w ash ing . B in d ra16 a lso  rep orted  th at 
in  case o f  to m a to , o n ly  18 to  55 per cen t en d osu lfan  
cou ld  be red uced by w ashing.

It is  th us ev iden t from  th e  a b o ve  th a t on ly  h a lf a
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m in u te w ash in g  o f  vegetab les treated  w ith  either o f  the  
d o ses o f  m a la th ion  rem oves their d ep o sit fo r  b e low  the  
F A O /W H O 17 prescribed  to leran ce o f  3 pp m . H ow ever, 
in  case o f  carbaryl w ash in g  rem oved  th e residue b e low  
th e F A O /W H O  to leran ce lim it o f  10 p p m  in  case o f  
low er treatm en t d osa ge  on ly . E n d osu lfan  p roved  to  be  
far m ore persistant to  w ash in g  and  in  b o th  th e treatm ent 
d o sa ges th e residue after th e sam e am ou n t o f  w ash in g  
w as far ab ove th e F A O /W H O  prescribed  to leran ce o f  2  
p p m . B in dra16 a lso  fou n d  en d osu lfa n  to  be m ore  
persisten t to  w ash in g  th an  carbaryl o n  to m a to  and  
m a la th ion  o n  cabbage.

Effect o f  cooking: T h e d ata  in d icate  th at after 10 
m in  o p en  and steam  co o k in g  o f  ok ra  treated by 0 .05  
per cen t m a la th ion , o n ly  a residue o f  0 .3 4  and  0 .6 2  
p p m  m a la th ion  w as fou n d  o n  ok ra  record ing  thereby  
a decrease o f  86 .82  and 75 .97  per cen t respectively . 
H ow ever , in  case o f  0 .10  per cen t m a la th ion  spray the  
in itia l d ep o sit w as red uced  to  1.93 and  1.95 p p m  by  
op en  and steam  co o k in g  record ing  thereby a  red uction  
o f  58 .32  and  57.88 per cen t respectively . T h e percentage  
red u ction  by b oth  the p rocesses w as less in  case o f  
higher treatm ent d osage b o th  b y  op en  co o k in g  and  
steam  co o k in g . E lk in es et a /.13 rep orted  th at in  case o f  
h o m e co o k ed  beans o n ly  traces o f  m a la th ion  cou ld  be  
detected .

T h e sam e am o u n t o f  o p en  and  steam  co o k in g  o f  
ok ra  treated  w ith  0 .2 5  per cen t carbaryl red uced the  
residu e to  10.20 and 3 .20  p p m  record ing  thereby a 
decrease o f  41.81 and 81.75 per cen t resp ectively . H o w ­
ever, in  case o f  0 .50  per cen t ap p lica tio n  d osag e the  
in itia l d ep o sit w as reduced to  30 .2  and 20 .7  p p m  by op en  
and  steam  co o k in g  respectively . T h u s, th e red uction  
w as fou n d  to  be 24 .88  and 48.51 per cen t by o p en  and  
steam  co o k in g . It is  ev id en t from  the ab o ve  th at in  both  
low er  and  higher ap p lica tion  d osages th e red uction  
p ercen tage w as tw ice as m u ch  by steam  co o k in g  as 
com p ared  to  o p en  cook in g . F arrow  et a / .18 w ork in g  on  
carbaryl residues in  to m a to  reported  th at h o m e co o k in g  
rem oved  96 per cen t o f  carbaryl residues w hile  E lk in es  
et a /.13 co u ld  d e tect on ly  th e traces o f  carbaryl from  
b ean s after h o m e co o k in g .

In  case o f  en d osu lfan  op en  and steam  co o k in g  o f  
O kra treated  w ith  0. 1. per cen t reduced the d ep o sits  to
5 .15 and 5 .10  p p m  record ing thereby a  decrease o f  26 .22  
and  26 .93  per cent resp ectively . H ow ever , in  case o f
0.2 per cen t ap p lica tion  d osage the in itia l d ep osit w as
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red uced to  11.54 and 10.50 pp m  by o p en  and  steam  
co o k in g  resp ectively . T h e red u ction  w as fo u n d  to  be
23 .58  and 31 .12  per cen t for low er and  h igher a p p lica tio n  
d o sa g e. T h u s, in  case o f  b o th  a p p lica tion  d osa g es  the  
ex ten t o f  rem oval by o p en  and steam  co o k in g  w as, m ore  
or less, sim ilar.

It is ev id en t from  the ab ove th at b o th  o p en  and steam  
co o k in g  rem oved  the d ep osit from  b oth  treatm ent  
d o sa g es o f  m ala th ion  b e lo w  the to leran ce lim it o f  3 ppm  
and  b o th  processes rem oved  a lm o st th e sam e a m ou n t. 
In case o f  carbaryl, steam  co o k in g  rem oved  a b ou t d o u b le  
the d ep o sit as com pared  to  o p en  co o k in g  for  b o th  th e  
treatm ent d osages. H ow ever, in  case o f  en d o su lfan  the  
a m ou n t o f  rem oval w as a lm ost eq u a l b y  b o th  th e p ro ­
cesses. N o n e  ofT h e tw o  processes, ex cep t steam  co o k in g  
for  low er treatm ent d o sa g e o f  carbaryl, co u ld  bring the 
carbaryl and  en d osu lfa n  residue b e lo w  th e to leran ce  
lim it o f  10 p p m  and 2 p p m  respectively .
. Effect o f  dehydration: D eh yd ra tion  o f  treated ok ra  
resu lted  in  th e rem oval o f  m a la th ion  d ep o sit by  
91.86  and 91 .79  per cen t as a  residue o f  0.21 and  0 .38  
p p m  cou ld  be detected  o n  dehydrated  for  low er and  
higher ap p lica tion  d osages respectively.

D eh yd ra tion  resu lted  in  th e rem oval o f  carbaryl 
d ep o sit b y  79. 24  and  77.01 per cen t as a  residu e o f  3 .6 4  
and  9 .24  co u ld  be detected  o n  dehydrated  fru its for  
low er and  h igher a p p lica tio n  d osages resp ectively .

In  case o f  en d osu lfa n  the d eh yd ration  resu lted  in
57 .59  and  57.35 per cen t rem oval o f  th e  in itia l d ep o s it as  
the a m ou n t d etected  w as 2 .9 6  and  6 .4 4  p p m  fo r  low er and  
higher treatm ent d osages respectively .

It is  ev id en t from  the a b ov e  th at th e ex ten t o f  rem oval 
o f  th e d ep o sits  by d ehydration  from  b o th  treatm en t 
d osages fo r  a ll th e three insectic id es w as m ore or  less, 
sim ilar. M oreover , d eh yd ration  brou gh t d o w n  th e  
residue b e low  prescribed  to leran ce lim its in  case o f  b o th  
treatm ent d o sa g es o f  m a la th ion  and  carbaryl, w h ile  th e  
en d o su lfa n  residu e after d eh yd ration  w as m ore th an  
the to leran ce o f  2 p p m  in  case o f  b o th  treatm en t  
d osages.

Acknowledgements
T h e auth ors are gratefu l to  th e U n iv ersity  G ran ts  

C o m m ission , N e w  D e lh i for p rov id in g  financial a ssist­
a n ce to  on e o f  the auth ors and to  th e D ea n , F a cu lty  o f  
A gricu lture fo r  p rov id in g  fa cilities  in  th e P estic id e  
R esid u e L ab oratory  o f  th e P L -480  Project.

4. Dadheech, L. N., B io lo g ica l E ffe c tiv e n e ss  o f  S o m e  In se c ti­
c id e s  a n d  th e  E x te n t  o f  C a rb a ry l R es id u e s  o n  B h in d i (A .  
escu len tu s Moench.) F ru its , M.Sc. Thesis, 1972, University of Udaipur.5. Norris, M. V., Vail, W. A. and Averell, P. R., J . agric . F d.
C h e m ., 1954, 2, 570.

6. Anon., A n a ly s t , 1960, 85, 915.



JAIN AND DATE: AMYLASE ACTIVITY OF SOME MALTED GRAINS 131
7. Benson, W. R. and Finochiaro, J. M., J .  A s s . o ff . a grie .

C h e m ., 1965, 48, 676.
8. Johnson, D. P., J . A s s . o ff . agrie . C h e m ., 1964, 17, 283.
9. Butler, L. C, Maitlen, J. C. and Fahey, J. N., J . agrie . F d

C h e m ., 1962, 10, 479.
10. Maitlen, J. C, Walker, K. C. and Westlake, W. E., J . agrie .

F d  C h e m ., 1963, 11, 416.
11. Wallis, R. L., Smith, F. F., Wheeler, H. G. and Gaylor, E. A.,

J .  eco n . E n t ., 1957, 50, 362.
12. Singh, P. and Lai, R., In d ia n  J .  E n t ., 1966, 28, 332.

13. Elkines, E. R., Lamb, F. C . and Cook, R. W., J .  a gric . F d
C h e m ., 1968, 16, 962.

14. Deshmukh, S. N. and Lai, R., In d ia n  J .  E n t ., 1969, 31, 222.
15. Dewan, R. S., Mishra, S. S., Handa, S. K. and Beri, T. Y.,

In d ia n  J .  E n t . , 1967, 29, 225.
16. Bindra, O. S., P ro c . S P R A  1973, 41.
17. FAO/WHO, P es tic id e  R e s id u e s  in  F oo d . FAO AgriculturalStudies, No. 88, 1972.
18. Farrow, R. P., Lamb, F. C. and Cook, R. W., J .  agric . F d

C h e m ., 1968, 16, 65.

R e l a t i v e  A m y l a s e  A c t i v i t y  o f  S o m e  M a l t e d
C e r e a l  G r a i n s

A. K . Jain and W. B. Date
B io ch em ical E n gin eerin g  and  F o o d  T ech n o lo g y  R esearch  L ab oratory, H . B. T ech n o lo g ica l Institu te, K an pu r, Ind ia

M a n u s c r ip t R e c e iv e d : 4 N o v e m b e r  1974
Malting properties of jowar and Bajra were studied. Diastatic power developed during germination is rapid as compared to that of Barley. However, this property subsequently declined after 32 hr whereas in barley it continued to increase upto 72 hr.

G o o d  am ylase activ ity  o f  a  grain  is  desirab le to  ob ta in  
so lu b ilisa tion  o f  starch  and  its  su b seq u en t con version  to  
m altose. A ll  cereal grains d o  p o ssess  th is property , 
how ever, th e degree varies. S h eorain  and W ag le1 have  
reported 3 -a m y lase  activ ity  o f  Bajra recently . In  order  
to  assess the relative am ylase activ ity  and  to  in d icate  the  
p ossib le  use o f  coarse  grains fo r  m alt and  m a lto se  
preparation  th e present in vestigation  w as undertaken. 
B arley is  co n v en tio n a lly  con sid ered  as su itab le raw  
m aterial fo r  m a lt in  brew in g  ind ustry . H ow ever , ava ila ­
b ility  o f  B arley is  n o t ad eq u ate . T o  fill up  th e gap  in  the  
to ta l dem an d o f  g o o d  q u ality  m alt, raw  m ateria ls other  
than barley deserve in vestigation .
Materials and Methods

T w o varieties ea ch  o f  Jow ar (Sorghum vulgare), 
(T ype-4  an d  T yp e-8B ) and  o f  B arley  (C lip p er-tw o  row  
and V ijy a-six  row ) w ere o b ta in ed  fro m  th e  C ereal 
B o ta n ist at th e  U . P. In stitu te  o f  A gricu ltu ral Sc ien ces, 
K an p u r. Bajra (Pennisetum typhoideum) o f  u n sp ecified  
variety  w as p rocu red  fro m  lo ca l m arket b ecau se se lec­
t io n  o f  th is  w as n o t availab le. A ll  th e  seed s w ere an a ly s­
ed fo r  m o istu re , p rote in , starch  and  ash  u sin g  A O A C  
m eth o d 2. T o  ch eck  th e  effect, i f  an y , o f  pretreatm en t on  
g erm in ation  and  su b seq u en t en zym e activ ity  d ilu te  
so lu tio n s o f  ca lc iu m  n itrate , g ib b erellic  a c id 2 and  o n ly

w ater as co n tro l w ere u sed  fo r  so a k in g  seed s. T h ese  
ch em icals are k n o w n  to  p ro m o te  g ro w th . T h e tem p era­
ture du ring  steep in g  w as m a n u a lly  con tro lled  w ith in  a  
range o f  1 5 -2 1 °C .

A fter  soak in g , seeds w ere p la ced  o n  w et filter paper  
in  petrid ishes fo r  germ in ation . K iln in g  w as d o n e  a t  
different tem peratures and  at d ifferent stages o f  germ i­
n a tio n . In itia lly  th e  tem p erature w as kept a t 35°C  and  
it  w as raised  to  85°C  in  10 to  12 hr. A fter  grin d in g  and  
screen ing  to  rem ove h u sk , th e  sam ples w ere stored  in  air 
tig h t con tain ers a t ro o m  tem p erature fo r  su b seq u en t  
assessm en t o f  th e  relative d ia sta tic  a ctiv ity . T o  express  
d ia sta tic  va lu es D eg ree L inter, a  u n it o f  am ylase activ ity  
w as u sed 3 -5 . A  L in ter u n it is , “ th e  nu m ber o f  gram s  
red u cin g  su b stan ces ca lcu la ted  as m a lto se  p rod u ced  by  
25 g  o f  m a lt in  h a lf  an  h ou r d ig estio n  o f  so lu b le  starch  
a t 2 0 °C ” .

Table 1. important constituents of grains used for malting 
Moisture Ash Protein Starch Wt. of

Grains Variety % % % % 1000 seeds 
(g)Barley Clipper 13.2 1.83 10.8 59 46.76

Vigya 10.7 2.19 10.4 63 43.29
Type-4 6.8 1.46 11.5 57 21.20

Bajra Unspecified 9.8 1.34 12.5 60 18.93
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T a b l e  2 .  e f f e c t  o f  p r e t r e a t m e n t  o n  g e r m i n a t i o n  a n d  w a t e r  c o n t e n t  o f  g r a i n s

Pretreatments
Grain Variety Dist. water 0.5%  Urea 0.5%  Cal. 0.5%  Amm. 0.5 ppm

nitrate nitrate GA
Ger.0 /

I .W .
°/ Ger.0 / I. W.

0/
Ger.O/ I. W.0 / Ger.0 / I. W.0 /

Ger.
o /

I. W.
V

Barley Clipper
/o
35

/o
39.8

/o
52

/o
38.7

/o
55

/o
39.9

/o
41

/o
38.4

/o
63

/o
39.5

Vigya 92 45.4 89 43.3 95 42.6 89 42.4 98 44.3
Jowar Type-8B 82 43.3 17 45.8 57 44.9 56 45.0 80 45.1

Type-4 80 36.5 36 41.1 83 44.0 85 39.1 83 40.2
Bajra Unspecified 90 44.2 87 43.4 80 40.1 92 45.0 99 43.9

For all the above observations a temperature of 21 °C and duration 26 hr was provided. 
Ger = Germination; I.W. » % Increase in water; GA = Gibberellic acid.

T a b l e  3 .  d i a s t a t i c  p o w e r  g e n e r a t e d  d u r i n g  g e r m i n a t i o n  
( i n  l i n t e r  u n i t  ° l )

Diastatic power in
Grain Variety Sampling - 

time (hr) Dist. 0.5%  Cal. 0.5 ppm
water nitrate GA

Barley Clipper 8 23 25 30
32 62 62 67
72 98 99 103

Vigya 8 35 39 52
32 102 102 113
72 132 135 140

Jowar Type-8B 8 131 133 135
32 168 170 176
72 113 115 130

Type-4 8 130 131 135
32 169 170 179
72 113 115 120

Bajra Unspecified 8 130 133 136
32 170 170 176
72 116 117 120

GA = Gibberellic acid.

Results and Discussion
The chemical analysis for some important constituents 

of barley, jowar and bajra are given in Table 1. Data on 
effect of pretreatments with chemicals on germination are 
given in Table 2. The diastatic power developed during 
germination is presented in Table 3. It is seen that 
moisture, ash and starch contents of jowar and Bajra

were lower than those of barley. While studying the 
nature of diastatic activity in barley, Jowar and Bajra, 
when water only was used as steeping liquid, it was 
observed that diastatic activity in Bajra and jowar 
reached a maximum value after 32 hr of germination 
and it was more than that of barley. However, it rapidly 
declined and at 72 hr it was practically nil. The enzyme 
activity in barley, however, showed a comparatively slow 
development upto 8 hr germination. This activity rose 
rapidly between 8 to 32 hr and continued to increase 
gradually to 72 hr of germination. As regards effect of 
chemicals, added to soaking baths, it was seen that 
gibberellic acid and calcium nitrate appeared to be 
helpful in the promotion of diastatic acitivity. Gibberel­
lic acid was better than calcium nitrate (Table 3.)
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Incorporation of Sunflower Seed Meal in Bread
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Sunflower seed meal is a good protein source which can be incorporated in bread. Breads were prepared by replacing wheat flour to 
the extent of 10,15 and 20 % with defatted sunflower seed meal. The resulting breads showed good crust, crumb, grain size, texture 
and improved taste a t 10 to 15% replacement. A slight change in colour of the crumb was observed which may be due to phenolic 
compounds present in the meal.

Bread is consumed universally as a food. Attempts 
are being made to fortify bread with various ingredients 
like proteins, vitamins, minerals, etc. The partial re­
placement of wheat flour with oilseed meal which are 
high in protein contents is one such method to augment 
the protein supply and to improve the nutritional 
quality of the product.

It is well recorded in the literature that non-glutenous 
protein adjuncts exert a volume depression effect along 
with serious deterioration of crumb, colour, grain and 
texture, when used at the relatively high level necessary 
to accomplish the desired amount of fortification1.2. 
The maximum level of replacement depends on the type 
of non-wheat flours, the baking procedure and the dough 
stabilizing compounds used3,4.

Sunflower proteins are of high quality and no anti- 
biological constituents have so far been reported5. Some 
workers6 have incorporated defatted sunflower seed meal 
substituting 3-20 per cent wheat flour with no adverse 
effect on flavour and colour of the loaf, but the loaf 
volume was severely affected. In the present work the 
defatted sunflower seed meal has been incorporated in 
the formulation of bread and the results of partial subs­
titution of wheat flour on the loaf volume and texture 
have been reported.
Materials and Methods

Preparation o f defatted sunflower meal (DSM): 
Sunflower meal was prepared by solvent extraction of oil 
from kernels. The air dried meal is toasted at about 
60-80°C in an air oven. The meal was ground and 
screened through 60 mesh sieve. The proximate analysis 
of the sunflower meal (DSM), wheat flour (Maida) 
was carried out according to AOAC methods7. Chloro- 
genic and caffeic acids were estimated by quantitative 
paper chromatography8. The results are given in Table 1.

Preparation of bread: The breads were prepared by 
straight-dough method9. Recipe for standard and 
fortified breads are given in Table 2.

Preparation of the dough and baking: One kg each of 
10, 15 and 20 per cent level blends of defatted sunflower 
meal with wheat flour were taken for the preparation of 
bread. The dough was prepared by mixing all the ingredi­
ents thoroughly and kneaded by hand. Dough mixing 
time was about 10 min. Dough was fermented for about 
an hour at room temperature( 30°C). Dough was then 
scaled to one pound and rested for 30 min in moulds. 
All the samples prepared were then baked simultaneously 
for a period of half an hour in a country Bhutti which is 
used by local bakers. Baking temperature was about
T a b l e  1. c o m p o s i t i o n OF THE PRINCIPAL INGREDIENTS USED IN

THE STUDY
Composition

/o
M a id a Defatted 

sunflower meal
Moisture 12.2 4.60
Protein 10.4 49.50
Ash 2.1 4.50
Chlorogenic acid — 1.65
Caffeic acid — 0.30

T a b l e  2 .  r e c i p e OF BREAD WITH DIFFERENT BLENDS
Ingredients

g-
Control Sunflower bread 

0 1 2  3
M a id a 100 90 85 80
Defatted sunflower meal 0 10 15 20
Vanaspati 3 3 3 3
Sugar 6 6 6 6
Salt 1.5 1.5 1.5 1.5
Yeast 2.8 2.8 2.8 2 . 8

W ater (ml) 70 60 60 60
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Fig. 1. Bread prepared by incorporating sunflower meal.
0 : C ontrol; 1, 2 and 3 indicate 10, 15 and 20 per cent sunflower 
meal respectively.

221°C. The bread loaves were cooled for 20 min, 
weighed and the loaf volume was determined by rapeseed 
displacement10.

Fig. 2. Cross section of the bread.
Legend same as in Fig. 1.

Results and Discussion
The texture of the bread depends upon the loaf 

volume and spongeness or elasticity and the quality and 
quantity of gluten and moisture content. When the 
defatted sunflower meal is incorporated in the bread the 
gluten content of the mixture is decreased. Experience
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T a b l e  3 .  p r o x i m a t e  a n a l y s i s  o f  t h e  l o a f

Composition
%

Control 10%
DSM

15%
DSM

20%
DSM

Moisture 40.0 37.1 36.5 35.1
Protein 6.0 10.0 10.9 12.5
Oil 2.9 2.6 2.3 1.8
Ash 3.0 3.5 3.8 4.2
Carbohydrate* 48.1 46.8 46.5 46.5
Loaf volume (ml) 1540 1320 1290 1000
Specific volume (ml/g) 3.27 3.07 

♦ By difference including crude fibre.
3.07 2.38

has shown that if more water is added to the flour, the 
dough becomes sticky. Therefore water content was 
adjusted to 60 per cent on the weight of the flour. The 
loaves prepared by addition of sunflower meal, designated 
as 0, 1, 2, 3 for control, 10, 15 and 20 per cent addition 
of DSM respectively are shown in Figs. 1 and 2.

The results of these trials (Table 3) show that increased 
percentage of defatted sunflower meal (DSM) decreased 
the loaf volume. The specific volumes for incorporation 
of 10 and 15 per cent DSM remained unchnaged indicat­
ing that there is no significant change in the loaf volume 
by increasing the level of fortification from 10 to 20 
per cent. At the same time protein content is increased 
from 10 to 12.5 per cent without affecting the loaf 
quality. The crust of the bread was attractive (Fig. 1). 
The crumbs of these breads were also good with uniform 
grain size and texture. However the colour of the crumb 
was grey. This may be mainly due to polyphenolic 
compounds in sunflower meal. These compounds are 
recognised as chlorogenic, caffeic and quinic acids. The 
chlorogenic and caffeic acid contents of the sunflower 
meal were estimated to be 1.65 and 0.3 per cent respecti­
vely. These phenolic compounds when heated form 
oxidised products and cause discolouration. But the 
taste of the bread was better than that of control.
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Studies on Tempeh: Part I. Processing and Nutritional 
Evaluation of Tempeh from a Mixture of 

Soybean and Groundnut
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A process for the preparation of Tempeh (a fermented soybean food) with a mixture of groundnut and soybean was standardised. 
Tempeh was prepared with three strains of R . oligosporus NRRL 2710, 2549 and 514. The two types of Tempeh prepared were 
analysed for ash, moisture, crude fibre, total protein, total fat, total sugars, amino nitrogen, soluble solids and soluble nitrogen. The 
protein quality of the tempeh samples were evaluated by growth of rats, PER and NPU of diets.

I t was concluded that a Tempeh like product could be prepared successfully with a mixture of soybean and groundnut. Fermenta­
tion of soybeans or a mixture of soybean and groundnut resulted in an increase in the crude fibre, fat and soluble solids. No differ­
ences were observed in the growth rates of rats or PER or N PU when autoclaved unfermented soybeans and soybean Tempeh samples 
were fed. Tempeh prepared from a mixture of soybean and groundnut had a better protein quality than soy Tempeh. All the Tempeh 
samples tested had PER  values above 2.0.

Soybeans are consumed as daily articles of food 
primarily in the oriental countries such as Japan, Korea,
China and Indonesia1-4. The high protein and fat 
contents encourage its usage in diet. But the characteris­
tic beany flavour and the anti-nutritional factors like the 
inhibitors are its drawbacks. Both the above defects 
are overcome in the microbial fermentation processes 
involved in the preparation of the Oriental soybean 
foods like the Tempeh, Ontjom, Tofu, Miso and Shoyu.
Among the above foods Tempeh is a popular Indonesian 
food made from cooked dehulled soybeans by fermenting 
them with the Tempeh mold. Traditionally Tempeh 
is prepared with mixed cultures of Rhizopus of which 
Rhizopus oligosporus NRRL 2710 is a typical representa­
tive. The fermentation eliminates the beany flavour of 
raw soybeans and gives it a bland flavour. The process 
synthesizes desirable constituents such as vitamins, 
increases digestibility, changes the physical state and 
produces acceptable colour4-5.

Several methods have been tried to standardise the 
processing of Tempeh. In the laboratory two important 
methods have been developed based on the domestic 
methods1,2,5. After fermentation, Tempeh has been 
found to have improved protein quality exhibited by 
increases in PER values over unfermented soybeans6,7.
These have been attributed to better availability of 
amino acids liberated from the beans during fermenta­
tion3 and to better digestibility of Tempeh due to increase 
in soluble solids and soluble nitrogen9,10.

An attempt has been made to develop a new type of 
Tempeh namely Tempeh with a mixture of soybean and 
groundnut (1:1 on dry weight basis) using the three 
cultures of Rhizopus oligosporus namely NRRL 2710, 
2549 and 514. The feasibility of processing such a 
product and its nutritional quality has been studied.
Materials and Methods

Raw materials: Soybeans used in all these experi­
ments were of Bragg variety. The groundnuts used were 
purchased from commercial sources, partially defatted 
(without damaging its shape) and used for admixture 
with soybean for the preparation of Tempeh.

Cultures used: The cultures for the processing of 
Tempeh were Rhizopus oligosporus NRRL 2710, 2549 
and 514. They were maintained on potato-dextrose-agar 
(PDA). They were obtained from Northern Regional 
Research Laboratory, Peoria, Illinois, U.S.A.

Preparation of Tempeh: Whole soybean was soaked 
in water (1:3), acidified with lactic acid (0.85 per cent), 
for 16 hr and was dehusked mechanically. Groundnut 
was soaked in water (1:3) for one hour. Equal parts of 
groundnut and soyabean (on dry weight basis) were 
mixed and cooked at 15 lb pressure for 20 min. The pH 
of the resultant cooked beans was found to be between 
4.5 and 5.5 They were cooled to room temperature 
(25-28°C), poured into perforated steel trays (previously 
sterilized) and inoculated with the spore suspension of 
Rhizopus oligosporus (spore suspension was prepared
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from a seven-day old sporulated culture of Rhizopus 
oligosporus grown on PDA in a Roux bottle). Thirty ml 
of sterile water was added to each Roux bottle for 
preparing the spore suspension. This was adequate for 
inoculating 500 g of the sample in a tray. The trays were 
kept for fermentation in a humidifier at 31°C for 20 to 
24 hr at 50 per cent humidity. At the end of fermentation 
the samples were cut into small cubes, dipped in 10 per 
cent saline and dried in a cross-flow drier between 70° 
and 80°C. The dry Tempeh samples were sealed in poly­
thene bags and stored at room temperature for future use.

Chemical analysis: The dry Tempeh samples were 
analysed for the following constituents: moisture, ash, 
crude fibre, total protein, total fat, total sugars, amino 
nitrogen, soluble solids and soluble nitrogen. All the 
samples were tested for the presence of trypsin inhibitor. 
All the Tempeh samples obtained were screened for 
the presence of aflatoxin (qualitatively) by the TLC 
method12"-14.

Growth rate and PER: PER (Protein Efficiency 
Ratio) was determined according to Chapman et a/.15. 
Eighty weanling male rats of Wister strain weighing an 
average of 35 g were divided into eight groups. They 
were housed in wire screen bottom cages. Food was 
made into the form of a thick paste and given ad libitum. 
Water was supplied in polythene bottles. Diet was 
prepared at 10 per cent protein level with 2 per cent 
mineral supplement (Hubbel et a/.16) and 1 per cent 
vitamin supplement (Chapman et a/15). Diet was fed 
for four weeks. Body weights were recorded once in a 
week.

Net protein utilization (NPU) studies: The NPU 
was determined according to the NRC method17. The 
NPU values of Tempeh samples were determined from a
10-day experimentation. The strain Rhizopus oligosporus 
NRRL 2710 was chosen as the representative strain for 
the preparation of Tempeh samples used in this experi­
mentation.

Results and Discussion
Table 1 gives the analysis of proximate composition 

of the processed Tempeh samples. There were no dif­
ferences in the moisture and ash content of the samples 
studied. The crude fibre content of Tempeh samples 
prepared from a mixture of groundnut and soybean 
were higher than the unfermented control. This increase 
might be due to the contribution by the fungal mycelia 
or it could also be due to the increase in the soluble 
solids due to the action of the fungus. The soluble solids 
might have got leached out during the processing of the 
Tempeh.

The solubility of the solids of cooked soybean increas­
ed by the fermentation process when R. oligosporus 
2549 and 514 were used. In the case of the mixture of 
groundnut and soybean the soluble solids increased from
13.0 to 25.0-29 per cent in the three strains of Tempeh 
samples used. This is comparable with the results of 
Van Veen and Schaefer5 and Stainkraus et al9. Similarly 
the soluble nitrogen content of cooked soybean slightly 
increased on fermentation but in the case of Tempeh 
prepared with a mixture of soybean and groundnut the 
soluble nitrogen values rose from 0.90 to even 1.50g 
per cent. These changes might be responsible for the 
higher digestibility and biological values reported for 
Tempeh samples over soybean samples by Stainkraus 
et al9>1o.

There was a slight increase in the protein content of 
soybean Tempeh samples fermented by using R. oligos­
porus NRRL 2710. But no change was observed when 
the soybean Tempeh samples were prepared from R. 
oligosporus NRRL 2549 and 514. When a mixture of 
soybean and groundnut was used, protein content of 
Tempeh samples increased in the case of R. oligosporus 
NRRL 2710 and 514 but decreased when strain NRRL 
2549 was used.

The fat content of both the types of Tempeh samples 
showed an increase over their control samples. In the

T a b l e  1 .  p r o x i m a t e  c o m p o s i t i o n f  o f  t e m p e h  s a m p i .e s

Description of Tempeh Fungal
strain

Moisture Ash Crude
fibre

Fat Protein Reducing
sugars

Amino
nitrogen

Soluble
nitrogen

Soluble
solids

Soybean — 6.0 5.11 4.0 21.9 40.0 3.9 3.0 1.1 25.0
Soybean Tempeh 2710 5.8-6.0 4.5-5.2 3.7-3.9 20.7-26.4 42.8-43.5 5.1-5.2 2.6-3.9 0.9-1.2 24.0-26.0
Soybean Tempeh 2549 4.6-5.6 5.9-7.6 2 .1 -2 3 26.5-26.0 39.6-40.6 4.4-4.5 2.6-3.4 1.1-1.2 25.9-33.8
Soybean Tempeh 
Groundnut** +  Soybean

514 5.8-7.3 5.2-5.6 2.8-3.0 25.0-28.6 39.2-40.8 3.2-4.1 3.0-3.9 1.1-1.2 26.6-30.6

(1:1)
Groundnut** +

— 6.4 4.1 2.0 25.3 35.0 5.7 3.1 0.9 13.0
Soybean Tempeh 2710 6.2-6.9 3.8-4.3 2.7-3.0 25.8-27.6 35.7-36.7 5,.0-5.3 2.2-3.2 0.9-1.0 28.0-29.0

2549 6.0-6.8 5.4-5.9 2.6-3.0 26.0-27.2 31.4-32.8 4.7-5.3 3.2-4.1 1.2-1.5 25.-026.4
, , 514 6 3 -1 .2 4.0-6.0 2.9-3.0 24.6-28.7 36.1-36.5 3.5-4.8 2.1-3.2 0.9-1.2 27.0-29.0

t  g/100g on dry weight basis; The values are from three replicates; *Rhizopus oligosporus; **Groundnut used was a partially 
defatted sample.
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T a b l e  2 .  p r o t e i n  e f f i c i e n c y  r a t i o  o f DIFFERENT DIETS CONTAINING TEMPEH
Code Food PER
No. Source of protein Body weight of rats (g.) intake ,/'Body weight gains'

Initial Final Increase g. 1(.protein consumed.
SM Skim m ilk-Standard 35 .2^04 .9 H 6 .6 t4 .4 9 8 1 .4 t  4-30 2781  9 2.911 0.080
SY Soybean (Autoclaved, unfermented)-Control 3 5 .2 t0 .5 2 9 0 .4 t2 .2 1 5 5 .2 t  2.48 2 4 8 t  13 2 .2 2 t0 .05 3
STi Soybean Tempeh (2710) 3 5 .2 i0 .5 1 8 9 .7 t l-0 8 54.51  3.07 2481  8 2 .18 t0 .071
s t 2 Soybean Tempeh (2549) 35.2-t0.51 9 3 .7 t2 .7 3 5 8 .5 t  2.58 2541  -5 2 .3 0 t0 .0 6 4
s t 3 Soybean Tempeh (514) 3 5 .2 i0 .5 0 8 7 .3 t2 .9 6 5 2 . l t  2.66 2451  5 2 .1 2 t0 .0 6 3  '
g s t 4 Groundnut+Soybean Tempeh (2710) 3 5 .3 i0 .5 8 108 .8 t3 .3 0 7 3 .5 t  3.42 2811 ! 2 2 .5 6 t0 .06 3
g s t 5 G roundnut+ Soybean Tempeh (2549) 3 5 .2 i0 .4 0 114 .6 t2 .0 0 79.41  1 -99 2801  4 2 .8 4 t0 .0 9 0 ‘
g s t 6 Groundnut+Soybean Tempeh (514) 35 .3^0 .52 1 0 I.7 t2 .2 9 6 6 .4 t8 3 .5 8 2 7 3 t  7 2 .4 2 t0 .0 8 4

Test of significance
Source of variation Degrees of freedom Sum of squares Mean squares ‘F ’ % significance
SM vs ST 1 2.05 2.05 22.8 0.01
SM vs GST 1 0.47 0.47 5.2 0.05
ST vs GST 1 0.83 0.83 9.2 0.01

Diet contains 10% protein and 10% fat.

case of soybean it was from 21.9 to 23.26 per cent and in 
the mixture of soybean and groundnut from 25.3 to 27.0 
per cent on fermentation. The above observation is 
slightly at variance with the earlier reports1-4 which 
indicate that there is either a fall or maintenance of fat 
levels during fermentation. No special trend could be 
noted in the case of the amino nitrogen content of the 
amples.

Presence of trypsin inhibitors and aflatoxin: Trypsin 
inhibitor and aflatoxin were determined according to 
Borchers et al.13 and Pans et aliA. Test for the presence 
of trypsin inhibitor in soybean (raw), soybean autoclaved 
unfermented and all the Tempeh samples showed that 
this was destroyed even by the autoclaving involved

in the preparation of the samples. Hence neither the 
control nor the Tempeh samples showed any trypsin 
inhibitor activity. All the samples were found to be 
free of aflatoxin.

PER and NPU values of diets: The data on the 
growth of rats, PER and NPU are given in Tables 2 and
3. The PER value obtained with soybean (autoclaved, 
unfermented control) was 2.22, while the PER values 
obtained with soybean Tempeh diets ranged from 2.12 
to 2.3. These values are in agreement with the 
values reported by different workers10,11,18- 22 . Tempeh 
prepared from a mixture of groundnut and soybean 
gave PER values ranging from 2.42 to 2.84 as against 
2.91 obtained with skim milk powder. The food intake

T a b l e  3 .  n p u  v a l u e s  o f  t e m p e h *  s a m p l e s

Code Source of protein Body weight of rats (g.) Food
No.

Initial Final Increase
intake NPU

SM Skim M ilk-Standard 6 4 .6 t l .1 4 9 8 .4 t3 .1 3 3 3 .8 t2 .4 9 1 1 4 t5 7 2 .8 t3 .9 4
SY Soybean (Autoclaved,

unfermented)-Control 6 4 .5 t2 .1 2 92.51 1.42 2 8 .0 tL 9 2 1 1 9 t5 5 6 .7 t2 .4 0
ST Soybean Tempeh (N RRL 2710) 6 4 .5 t l .3 9 9 8 .8 t2 .9 1 3 4 .3 t2 .1 5 1 2 3 t4 5 8 .7 t3 .2 0
GST (G roundnut+ Soybean)

Tempeh (NRRL-2710) 6 4 .4 t l .4 5 101.11 4-46 3 6 .7 t2 .0 0 1 2 8 t  1 65.81 3.09
Test o f significance

Source of variation Degrees of freedom Sum of squares Mean squares ‘F ’ % Significance
SM vs ST 1 1003 1003 23.3 0.01
SM vs GST 1 245 245 5.7 0.05
ST vs GST 1 259 259 6.0 0.05

*Rhizopus oligosporus N R R L 2710 slrain was used.
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in the groundnut soybean Tempeh group is higher than 
the soybean Tempeh group. The PER value is also 
higher with respect to higher food intake. This increase 
in PER of groundnut—soybean Tempeh when compared 
to soybean Tempeh is significant at 1 per cent level.

The NPU values however are 59 and 66 for soybean 
Tempeh and groundnut and soybean Tempeh respec­
tively. The increase in NPU has a marginal significance 
at 5 per cent level.
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Studies on the sensory evaluation of the product have 
to be carried out.
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Studies on the Bottle Breakages, Number of Trips Made by 
a Bottle and Efficiency of Aluminium Caps Forming and 
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Retail milk distribution in almost all the liquid milk plants in the country involve the use of standard glass bottles for filling and 
distribution. Formation of aluminium caps and their use as bottle cover are linked up operations. Breakage of bottles during hand­
ling and use of aluminium caps are important items in the cost of milk packaging and distribution. The present paper deals with the 
assessment of the percentage breakages of milk bottles (during washing, filling, storage and distribution) and wastage of metal foils 
and foil caps used as closure in a liquid milk plant handling about 5000 litres per day and filling and distributing 2,000 to 3,600 
bottles per day. From the observations made over a period of 510 days, it is concluded that the average percentage breakage of 
bottles to be 1.00. The average number of trips to be expected of a bottle being about 80 and average wastage of aluminium caps 
10 per cent.

Milk distribution in organised milk plants apart from 
ensuring quality milk in tamper-proof containers involves 
considerable cost of the bottled milk. Distribution cost 
which determines the consumer’s price is a reflection of 
the efficiency of milk handling by the organisation. 
Efficient management depends on correct information 
on all aspects of costing of milk distribution. Inspite 
of the fact that standards are specified for the quality of 
glass bottles to be used in milk distribution, bottle 
breakage depends on the factors of washing, filling and 
handling operations during distribution. These factors 
have direct relation to the scale of milk handling, type 
of machinery used and skill of labour employed. There 
is scope for keeping the breakage to a minimum in a 
modern plant equipped with standard machinery and 
employing trained technicians, in spite of the factors 
contributing to bottle breakage. This task of the 
manager can be achieved if accurate information is 
made available on the various aspects of bottle usage 
and bottle capping.

Studies have been carried out in the West to fix the 
minimum breakages of bottles as well as to ascertain 
their number of trips. No published reports are available 
in India on these aspects. The present study was, 
therefore, undertaken to collect information on the 
breakage of bottles and use of aluminium foils in small 
size milk processing plants and to estimate the average 
number of trips per milk bottle.
Materials and Methods

The investigation was carried out at the experimental

dairy of the National Dairy Research Institute, Karnal. 
The experimental dairy is a semi-commercial unit 
largely used for training and product development. It 
has a fully equipped liquid milk processing and bottling 
section. The dairy handles about 5,000 litres of milk per 
day. The number of half litre bottles handled per day 
vary from 2000 to 3600.

The milk is distributed by mobile van within the 
campus of the Institute once in the morning and once in 
the evening, covering a distance of 15 to 20 km each 
time. Approximately half the quantity of bottles are 
sold in the morning and the remaining half in the even­
ing. The bottles are stacked in standard iron or plastic 
crates.

The study on the breakage of bottles and wastage of 
aluminium foils was conducted during a period of 510 
days from 5th Feb. 1972 to 30th June 1973.

(0 Breakage of bottles at different stages of handling: 
The breakages during washing, filling and distribution 
were studied by a trained operator. He recorded O') the 
number of bottles fed to bottle washer and the number 
that came out intact, (ii) number of bottles fed to bottle 
filler and number of bottles filled and kept in cold 
store, and (Hi) number of bottles sent for distribution 
and number of bottles received intact in the dairy before 
washing. The differences in each case were taken as the 
number of bottles broken during washing, filling and 
distribution.

The percentage of breakage, during different stages 
of handling as well as the whole operations were calculat­
ed for each day and also for the entire period. The

5
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frequency distributions of the daily percentage breakages 
were prepared. Correlation coefficients between the 
number of bottles handled and number of bottles broken 
were calculated for each stage of handling and also for 
the entire handling.

(ii) Estimation of the average number of trips made by 
a bottle: Two mathematical models were studied to 
estimate this viz., (a) constant per cent breakage model 
or static model, and (b) variable breakage model or 
dynamic model.

(a) Constant percent breakage model: In this model 
the overall percentage of breakage (p) observed during 
the period of study was considered as normal and 
constant and the complement of this (1 -p  — q) as the 
proportion survived. Then,

Y, =  ?Y r , (1)
where Y, is the number of bottles survived on the Ith 
day, q is the percentage of survival. Yrl is the number 
of bottles survived on the (i-l)th day. The model 
assumes that (i) the proportion of bottles survived 
remains the same each day; (ii) the strain on bottle due 
to constant use has no effect on the survivability of the 
bottles; (iii) the bottles distributed on any day will be 
returned the next day; and (iv) the bottles broken by the 
customer has no effect on the survivability in the dairy 
as the same is replaced by the customer.

Starting with Y„ =  N bottles to begin with, the bottles 
survived on the first dayis qY0, the second day q2Y 0, etc. 
If the last bottle in this batch remains on the nth day 
the total number of trips made by Y t bottles will be

2 Y  t =  (q  +  q 2 - \

1 -qn
?3 + ................................+  ?") Y0

and average number of trips will be
1 - q ny  = q x 1 -q

The value of n can be found out as
1 =  qnY 0 or n = logY0

-log?'
As q is less than 1 and n is sufficiently large (500), qn 
will almost be equal to zero. Hence the average number 
of trips made by the N bottles would be

proportion survived 
proportion broken.

Once the average percentage breakage is estimated 
reliably, the average number of trippage could be 
ascertained with the help of this model.

(b) Variable breakage or dynamic model: In this

model the number of bottles survived on any day is 
taken to be the function of the number of bottles surviv­
ed the previous day, number of bottles broken and 
number of bottles added on the day, that is,

Y, =  YM +  « ,-* , (3)
Y, =  No. of bottles survived on the ith day.
Yr i =N o. of bottles survived on the (f-l)th day. 
bi =  No. of bottles broken on the Ith day.
a, =  No. of bottles added on the tth day.
If Y 0 is the number of bottles taken to start with is 

reckoned as a\, the number of bottles added on the 
first day, and the observations are taken for n consecutive 
days and if Yn+1 is the number of bottles left on the 
(n+l)th day, then the average number of trips made by 
a bottle during the period can be worked out to be 

2"Y,
t = l  -y  = ---------- Yn+i

2 ” a, (4)
t=  1

The minimum number of days the observations have 
to be taken to estimate the number of trippage has been 
worked out.

(iii) Estimation o f losses in aluminium foils: The 
aluminium foil roll used for cutting caps was weighed 
before and after the filling of milk in bottles upto 5 g 
accuracy. The quantity of scrap left over was also 
weighed upto 5 g accuracy. The number of caps that 
could be cut from the quantity of foil used was calculated 
by taking 2,800 caps per kilogramme of foil as recom­
mended by the firm. The difference between the number 
of caps that could be cut and the number of bottles 
actually capped was taken as the avoidable losses in caps.

The percentage of scrap as well as the percentage of 
avoidable losses in caps were calculated for each day 
as well as for the entire period of study.

To ascertain the quantity of scrap and percentage of 
unavoidable losses in the use of aluminium foils, the 
actual quantity of aluminium foil required, and the 
scrap weight to cut 60 caps leaving the minimum space 
in between two caps was obtained. It was found that 
the weight of the aluminium foil was 20.1636 g and 
weight of the scrap was 6.0066 g and the percentage 
of unavoidable loss was 29.79. The average weight of a 
cap was 0.2360 g.
Results and Discussion

The average breakage of bottles per day during wash­
ing was observed to be 0.40 per cent with a range of 0 to
1.70 per cent; during filling 0.30 per cent with a range of
0.04 to 1.5 per cent; and during distribution 0.32 per 
cent with a range of 0.0 to 1.70 per cent (Table 1). The 
overall per cent breakage based on all the operations



SHARMA et a l :  BOTTLE b r e a k a g e  in  m il k  p r o c e s s in g  p l a n t 141

T able 1. fr eq u en c y  d istr ib u t io n  o f  brea k a g e  o f  bottles
DURING DIFFERENT OPERATIONS OF HANDLING

Broken during
Broken
(range) Washing Filling Distri­

bution
Range

(% )
Complete
handling

0.0-0.1 12 26 24 0.0-0.2 i
0.1 -0.2 60 97 76 0.2-0.4 13
0.2-0.3 200 163 149 0.4-0.6 30
0.3-0.4 102 149 111 0.6-0.8 88
0.4-0.5 28 48 85 0.8-1.0 157
0.5-0.6 26 10 35 1.0-1.2 113
0.6-0.7 17 8 14 1.2-1.4 48
0.7-0.8 19 4 6 1.4-1.6 27
0.8-0.9 12 2 3 1.6-1.8 19
0.9-1.0 11 1 4 1.8-2.0 5
1.0-1.1 8 1 2 2.0-2.2 3
1.1-1.2 7 0 0 2.2-2.4 4
1.2-1.3 5 0 0 2.4-2.6 1
>  1.3 3 1 1 2.6-2.8 1

Total 510 510 510 510

was 1.02 with a range of 0.17 to 2.80 per cent. Though the 
range of variation in the percentage breakage was wide, 
it was observed that the percentage breakage was less 
than or equal to 0.4 per cent in 73.0 percent days during 
washing and 85.3 per cent days during filling and less 
than or equal to 0.5 per cent in 87.2 per cent days during 
distribution (Table 1). Takin g only these observations, 
the average daily per cent breakage of bottles during 
washing, filling and distribution were worked out to be
0.23, 0.25 and 0.28 respectively.

For all the three operations taken together, the per­
centage breakage was less than or equal to 1.2 in 78.8 
per cent days (Table 1). The average of these obser­
vations was observed to be 0.80 per cent. If sufficient 
care and caution is exercised during the three operations, 
there is considerable scope to bring down the percentage 
breakage from 1.02 to 0.80 per cent.

The use of variable control charts for fraction (or 
percentage) breakage (p. Charts; Grant, 1972) was 
made to ascertain whether higher percentage of breakage 
observed were within the normal variations or not. The 
observations during the first month of study was taken 
to set up the initial control charts. Observations during 
subsequent months were made to plot the upper and 
lower control limits. The daily observations were then 
plotted. It was observed that all the points were within 
the control limits. This revealed that though on some 
days high percentage breakage was observed, it was 
within the normal limits of variation.

The correlation coefficient between the number of 
bottles handled and number of bottles broken daily was

observed to be 0.574 during washing; 0.379 during 
filling; 0.101 during distribution and 0.576 for all the 
three operations taken together. All the correlation 
coefficients were highly significant (P<0.01) except 
during distribution where it was significant at 5 per cent 
level. The very low correlation coefficient during filling 
and distribution suggests that the number of bottles 
broken is not influenced by the total number of bottles 
handled. It was observed that on 95 per cent of the days 
the number of bottles broken was less than or equal to 
15 in each of the operations-filling and distribution, 
while in washing it was so on 82 per cent of the days.

Estimation o f number of trippage: The average daily 
breakage of bottles due to handling was observed to be
1.02 per cent with sufficient scope to reduce it. With the 
existing efficiency, the normal breakage can be reckoned 
as 1 per cent in the experimental dairy. This gives us 
the number of trippage to be 99 from the first model.

The number of trippage of bottles from model 2 on 
the basis of 510 observations was 81. To ascertain the 
number of days for which the observations are to be 
made to get consistant estimates of the number of trips, 
the trippages were calculated by taking first 3 months 
observations and subsequently at the end of every month. 
The results are shown in Fig. 1.

It can be observed that the number of trips increased 
upto 11 months or 334 observations and later on the 
number of trips were almost constant. This suggests 
that the observations on the breakage and addition of 
bottles should be maintained at least for one year to 
estimate the number of trips made by a bottle.

The number of trips ranged from 78 to 81 for obser­
vations from 11 months or more. This suggests that the 
average number of trips made by a bottle according to 
model 2 can be taken as 80.

The model 1 gives the number of trips made by a

<------NO. OF OBSERVATIONS (IN  D A Y S ) ------------------------»

Fig. 1. Number of trips in relation to num ber of observations
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bottle as 99 while model 2 gives the same as 80. The 
second model is a dynamic model which takes into 
account the daily breakage and also for after months 
observations or more the estimate of number of trips 
made converges to a single point. The estimate obtained 
from this model, therefore, appears to be more reliable. 
The first model on the other hand exaggerates the 
number of trips.

The cost of bottle per trip was worked out to be 0.81 
paise taking the purchase price of 65 paise during the 
period of study.

Estimation of wastage in aluminium foils: The average 
percentage of aluminium foil thrown as scrap was 
worked out to be 27.00 with a range of 14 to 43. This 
was based on 506 observations. On 4.9 per cent days 
the loss in aluminium foil as scrap was less than 21
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R E S E A R C H  N O T E S

A  C IR C U L A R  P A P E R  T E C H N IQ U E  F O R  
S T U D Y  O F  M IC R O B IA L  G R O W T H

A  sim ple, inexpensive sectored paper chrom atographic 
meihod to study the growth o f  organism s (A . niger and P. 
digitation) associated with citrus fruits and the response 
to  chem icals (thiabenzadole) is described.

In microbiological studies it is necessary to observe 
multiplication, sporulation and response to chemicals of 
different fungi. This is especially so when the nature of 
microbial contamination and its response to fruit 
surface treatment are to be investigated. In the con­
ventional methods, culture media are used for study of 
growth and sporulation. Kilpatrick1 reported a simple 
procedure for induced sporulation of fungi using a filter 
paper technique. He demonstrated that sporulation of 
fungi without plant tissue could be successfully induced 
when agar plugs containing hyphae were transferred to 
a previously saturated non-sterile filter paper.

In our laboratory, work is in progress to study the 
growth of two organisms viz., Aspergillus niger and 
Pénicillium digitatum commonly associated with citrus 
fruits and their responses to various chemicals. In 
order to assess the efficacy of a few chemicals a more 
expeditious and simple procedure was desired. Agar 
culture technique is not only expensive but time consum­
ing. Besides, the effect of a chemical as such on the 
fungal characteristic would not be obtained by Kil­
patrick’s method. A modification developed in our 
laboratory was found to be more satisfactory for pur­
pose of this study. The procedure described below 
offers a quicker method to study fungal growth responses 
within a period of 2 to 4 days. The method is as follows : 
A clean desiccator is first disinfected by alcohol and 
greased properly to obtain air tight condition. A 
petridish containing distilled water is kept in the bottom 
chamber of the desiccator to provide humid atmosphere. 
Within 24 hr such humid condition is established. A 
filter paper with sectored circular partitions was employ­
ed for the growth of the organisms. Ranjan2 reported 
that a sectored circular paper used in the chromato­
graphic technique showed no interference from one 
sector to another although a single solvent solution is 
fed through a central wick to all the sectors simul­
taneously.In order to simulate the natural substrate conditions 
as obtaining in the peel of the citrus fruits, water extract 
of healthy citrus peel was used. The extract was steriliz­
ed with propylene oxide as suggested by Klarman3. A 
petridish containing sterilized citrus fruit juice was kept 
on perforated china clay plate in the desiccator. A filter

paper wick was fixed at the center of the filter paper and, 
thus, the circular paper remained suspended in the air. 
Feeding of nutrient solution was obtained in all direc­
tions through the wick. Small agar plugs containing 
hyphae of Aspergillus niger removed from a 7 day 
old culture growing on potato-dextrose-agar, were 
transferred to the filter paper at a spot 2 cm away from 
the position of the central wick and incubated at room 
temperature (24+2.5°C). Within 3 to 5 days the hyphae 
grew from the plug on to the surface of the paper and 
spored abundantly (Fig. 1 and 2.) When response of 
chemical(s) is to be studied, two concentric circles are 
drawn on the filter paper. On the sector of the inside 
circle, solution of the chemical is spotted and the con­
centration of chemical is increased, if necessary, by 
frequent applications with intermitant drying as is 
usually done in the chromatographic technique. An 
agar plug is placed on a spot in the same radial direction 
on the outer circle sector.

In order to verify the efficacy of this procedure the 
effect of three concentrations of thiabenzadole (TBZ) 
on the growth of micro-organism was studied. As may 
be seen in the Table 1, this chemical was effective at 
concentration of 2000 ppm for A. niger and 1000 ppm 
for P. digitatum. Lower concentrations of this chemical 
were not as effective (Table 1). Thus in a single trial with 
sectored circular paper it was possible to have sufficiently

Fig. 1. Circular paper assembly in a desiccator
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Fig. 2. Circular paper showing development of A spergillus niger

good idea of the efficacy of the chemical in relation to 
organism to be studied.

The method is simple and inexpensive as it offers 
supply of nutrient at low level for the growth response 
of fungi. In our preliminary trials quick or abundant 
growth of fungi was obtained within 2 days with a 
nutrient solution. The method is useful not only for 
routine purposes but can be used in identifying unknown 
organism associated with the spoilage of fruits. This 
method, thus, offers a quick procedure of comparison 
of different fruit juices i.e. (different fruit surfaces) 
towards one or more organisms.
T able 1. g r o w t h  response  o f  t w o  o rg a n ism s  to DIFFERENT

c o n c e n t r a tio n s  of th ia b en za d o le  (;i BZ)
A . niger 1st sector Con- 2nd sector 3rd sector 4th sector
growth/day trol (no treat) 500 ppm 1000 ppm 2000 ppm
1st day — — — —
2nd day + — — —
3rd day +  +  + +  + +  + —
5th day +  +  + +  +  + +  +  + —
P. digitatum 1st sector Con- 2nd sector 3rd sector 4th sector
growth/day trol (no treat) 500 ppm 700 ppm 1000 ppm
1st day — — — —
2nd day + — — —
3rd day +  +  + + + —
5th day +  +  + + + —

(—) N o growth ( +  ) Growth present
( +  + )  Moderate gorwth (+  +  + )  Profuse growth.

Department of Biochemical 
Engineering &.Food Technology,
H. B. Technological Institute 
Kanpur.
A January 1975.
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CLEAN-UP OF CEREAL AND MILK FOR
DETERMINATION OF RESIDUES OF 
ORGANOCHLORINE INSECTICIDES

A  sim ple procedure for the clean-up o f  cereal and milk  
sam ples upto 5  g on a basic alumina plate, suitable for 
subsequent determination o f organochiorine insecticide 
residues by thin layer chromatography is described.

Cereals form 30 per cent of the balanced diet of an 
average Indian. A large number of different types of 
insecticides are used for protecting cereal crops of which 
the organochiorine insecticides occupy an important 
place. There are reports of these being mixed directly 
with the grains by traders1 to prevent infestation. Such 
indiscriminate uses have resulted in high levels of residue 
in some cases.

In India, analysis of several samples of milk reveal the 
presence of organochiorine insecticide residues in them. 
The feeding of cattle with the hay of cereal crops and the 
drift of insecticides during application to crops near 
grazing grounds, are the factors responsible for this. 
Reports of the presence of organochiorine insecticide in 
milk have originated from different areas of the world 
like Denmark2, France3, Germany4, Poland5 and U.S.AA

One of the recommended methods for the determi­
nation of organochiorine insecticide residues in cereals 
is to extract with hexane in a Soxhlet extractor and 
clean-up by partitioning into dimethylformamide and 
eluting through an alumina column7 prior to determi­
nation by thin-layer, paper or gas-liquid chromato­
graphy. Another method, followed by the United States 
Food and Drug Administration8, is to extract with 
acetonitrile, clean-up on a Florisil column and determi­
nation by gas chromatography.

According to Mills’ method9 the fat is separated from 
the milk by centrifugation, and taken up in petroleum 
ether. The pesticides are then partitioned into acetoni­
trile and cleaned over a Florisil column. The cleaned 
extracts are injected into gas chromatograph for detec­
tion and estimation of residues. In another method, 
milk is extracted with acetone-hexane mixture, the 
extract clarified by centrifugation, separated, the hexane

K m. R ewa Arora 
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phase dried, its volume adjusted and then treated by the 
DMF partition process. The final extract requires 
treatment with an activated alumina column and is 
then suitable for either gas or paper chromatographic 
examination.

Screening of samples of foodstuffs for organochlorine 
insecticide residues is being carried out at the Central 
Plant Protection Training Institute, Hyderabad. Thin- 
layer chromatography has been used for the identifi­
cation and determination of the insecticides. During 
the course of the work it has been found that the maxi­
mum quantity of sample that could be tolerated on a 
TLC plate was about 0.5 g, both in the case of cereal 
and milk samples, when the procedure of de Faubert 
Maunder7 making use of DMF clean-up was adopted. 
The other recommended procedure utilising ‘Florisil’ 
(a synthetic silicate manufactured by M/s. John 
Mansville & Co., Florida) could not be used as the 
adsorbent is not available in India. Therefore a simple 
alternate clean-up method for cereal and milk samples 
has been worked out making use of a basic alumina TLC 
plate for clean-up. When this method is adopted it is 
possible to spot an extract equivalent to 5 g of the sample 
without any streaking, and it is described below.

The samples of cereals and milk were collected from 
different retail market vendors.

(a) Extraction method for cereals: Twentyfive g of 
the powdered cereal is moistened with 8 ml of water and 
shaken mechanically with 75 ml of a 3 :1 hexane-acetone 
(v/v) mixture for one hour. An aliquot of the extract 
equivalent to 5 g is taken for clean-up.

(,b) Extraction method for milk: Ten g of milk is 
shaken up with 1 ml of saturated sodium oxalate, 
followed successively by 25 ml each of ethyl alcohol, 
ethylether and petroleum ether, in a 125 ml separating 
funnel. The aqueous layer is discarded and the solvent 
layer collected in a 100 ml beaker and volume reduced 
to about 5 ml. This is quantitatively transferred to a 125 
ml separating funnel, rinsed with petroleum ether and 
made up the total volume to about 25 ml. The 
insecticides in the extract are then partitioned to acetoni­
trile saturated with petroleum ether, by 3 washings of 
10 ml, and collecting the acetonitrile in a second sepa­
rating funnel. The combined acetonitrile is washed with 
10 ml of petroleum ether saturated with acetonitrile and 
transferred to a 500 ml separating funnel containing 250 
ml water and 50 ml saturated sodium chloride. The 
petroleum ether in the second separating funnel is 
washed with 10 ml of acetonitrile which is also added to 
the water. The water acetonitrile mixture is shaken 
well for 2 min and set aside for 30 min for the layers to 
separate. The water is drawn and discarded, and the 
petroleum ether is transferred into a stoppered measuring 
cylinder, through a plug of anhydrous sodium sulphate.

The volume is made upto 10 ml so that 1 ml is equivalent 
to 1 g. Five ml of this is taken for clean-up.

Clean-up: The clean-up of the cereal and milk 
extracts is done by thin-layer chromatography, over a 
500 micron thick basic alumina plate, using acetonitrile 
as the developing solvent.

(0 Preparation of alumina plates: Basic alumina 
supplied by the National Chemical Laboratory, Poona, 
is blended with calcium sulphate in the proportion of 
9:1 by weight. Thirty g of this mixture is taken in a 
100 m} stoppered conical flask and made into a slurry by 
shaking with 30 ml water for 2 min. The slurry is poured 
into a moving type of applicator, stationed on the first 
of the plates to be coated, and drawn over them. Four 
plates of 18x11 cm can be coated with the above 
quantity. The plates are air dried and then activated 
at 110°C for one hour and stored in a desiccator.

(ii) Spotting: The extract, equivalent to 5 g of the 
sample is taken in a 10 ml beaker and volume reduced to 
about 0.5 ml. This is spotted on the activated plate as a 
2 cm band, across the width of the plate, 2 cm from the 
bottom, with the help of a 2 ml glass syringe with a 
Luer tip and a 27 gauge needle. A sketch of the spotted 
plate is given in Fig. 1.

F ig . 1. Alumina-thin layer plate
1. Sample applied as a 2 cm wide band
2. 3 cm wide strip to be scraped out after development.
3. Solvent front.
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(Hi) Development: The spotted plate is developed 
in an airtight chamber in acetonitrile to a height of 10 
cm. The developed plate is removed and the alumina 
layer to a width of 3 cm just below the liquid front is 
scraped out and collected in a 10 ml beaker. This 
alumina is extracted with 5 x 1 ml portions of acetone 
and filtered into a 10 ml beaker.

(c) Detection and estimation of residues: The cleaned 
extract is reduced in volume and spotted on a silica gel- 
silver nitrate thin-layer plate prepared according to 
Moats10 along with spots of different standard insecti­
cides, and developed in cyclohexane. The developed 
plate is air dried and exposed to ultra violet light (250 jum 
wave length) for 10 min. Pesticides appear as brownish- 
black spots on a light white background. Visibility of 
the spots can be improved considerably by exposing the 
plate to steam and irradiating for another 2 min. The 
lowest quantity that can be detected is 0.1 jug of DDT, 
endrin and lindane and 2 /ag of BHC.

(d) Recovery experiments: Jowar, rice and wheat 
were fortified at 2 ppm levels with BHC, DDT, endrin 
and lindane and taken through all the above steps. The 
recovery of the added insecticides was 65 per cent in 
the case BHC and lindane and 90 per cent for DDT 
and endrin. Milk samples were extracted and cleaned 
up according to the above method, after adding insecti­
cides at 2 ppm level. The recovery of insecticides was 
very good, ranging from 80 per cent for BHC, endrin 
and lindane to 95 per cent for DDT.

The recovery experiments with fortified samples 
revealed that the method is very efficient to clean-up 
extracts containing lipids, prior to determination of 
organochlorine insecticides by thin-layer chromato­
graphy. The chemicals and equipment required are 
available indigenously and are cheap. The TLC method 
followed by Morley and Chiba11 can also visualise
0.1 pg of the insecticides, but the size of the sample is 
limited to 0.5 g of wheat giving a sensitivity of 0.2 ppm 
only. The screening method of Abbot et al.12 using 
alumina coated thin-layer plates can tolerate only 0.1 g 
of the sample. Even though gas chromatography with 
electron capture detector is highly sensitive and can 
detect nanograms of the insecticides in samples, the size 
of the sample is limited to 100 to 200 mg. This gives a 
sensitivity range of 0.01 to 0.02 ppm, when 1 nanogram 
is quantitated. By using the clean-up method described 
above 0.1 pg of insecticides can be detected in 5 g of the 
cereal and milk giving the method the same sensitivity 
of gas-liquid chromatography with electron capture 
detector, without the need of sophisticated equipment 
and costly clean-up procedures. Further the method can 
be followed with a minimum period of training, and 
hence will be very beneficial to laboratories monitoring 
insecticide residues in these vital items of food.
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ESTIMATION OF DIMETHOATE IN FOODS
A rapid and simple method for qualitative detection and 
quantitative estimation of dimethoaic pesticide residue 
on foodstuff by solvent extraction, thin layer chromato­
graphy and colorimetry is reported. The yellow spots of 
the concentrated benzene extract, obtained on the TLC 
plate after spraying with palladium cliloride is scraped 
into a test tube and eluted with N-N-diir.e!h\l formamide 
and the absorbance of the clear solution, is measured 
spectrophotometricaily at the wave length of 435 nm.

Dimethoate [O-O-Dimethyl S -(N-methyl-carba­
moyl methyl) phosphorodithioate], (C5H12N 0 3PS2) be­
longs to organic phosphate insecticide group, having 
colourless transparent crystal appearance with charac­
teristic odour. It is a systemic and contact insecticide
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and acaricide, used mainly against fruit flies, in parti­
cular the olive fly and the cherry fly1. It is also commonly 
being used against pests of vegetables. Dimethoate is 
known to control more than 200 injurious species of 
insects on over 100 crops and ornamental plants and 
thus, has a potential of being accepted as one of the most 
promising systemic insecticides.

The residues of dimethoate in the soils2 and in 
sorghum forage3 were studied. The bioassay study4 on 
the persistence of dimethoate on cabbage and a few 
other investigations on dimethoate residues5"8 are 
reported. The maximum tolerance limit advocated for 
dimethoate is 0.02 mg/kg body wt as acceptable daily 
intake9. With these considerations in view, a TLC 
method for its estimation in foods in general has been 
attempted in the present study.

Several sets of experiments are carried out to find 
out the most suitable agent for the extraction of 
dimethoate from foodstuffs (vegetables and cereals). 
The materials used are pulse (pea dal), atta, gourd, 
potato and green leaves. The results tabulated below 
show that all the foods exhibited more or less the same 
extractibility for added dimethoate with different 
solvents. The results are shown as averages from the 
items with each solvent.

E xtracting  agent D im ethoate recovered  (%)
Benzene 100
Chloroform 80
Acetone 75
Hexane 60
Petroleum ether 60
Acetonitrile 00
Solvent ether-hexane (2:1) 50

Finely chopped and well mixed representative sample 
(about 100 g) is taken in a blender and 200 ml of benzene 
is added and blended for 30 min. The process is re­
peated with another 100 ml of solvent. Then the filt­
ration is carried out by Whatman No. 4 filter paper. 
The solvent in the filtrate is evaporated on water bath 
with care with a Kuderna Danish Evaporator, so that 
there is no loss of pesticide. The volume is then made 
up by adding quantitative amount of acetone before 
spotting on TLC plate. Fortunately purification of the 
extract or clean up10 is not required.

Preparation of TLC plate: Glass plates of size 
10x20 cm are coated with a slurry of silica gel G in 
distilled water ( silica gel G 30 +  water 60 ml) to a 
thickness of 250 p. The plates are dried at room tempe­
rature for 20 min, then activated at 100°C in an air oven 
for 1 hr, and stored in a desiccator. The mobile 
solvent used was benzene and acetone (9:l)n . Chromo- 
7

genic agent used was 0.5 per cent palladium chloride 
in 8 per cent HC1.

Preparation of standard graph and simultaneous esti­
mation of residue in the sample: A 0.1 per cent standard 
solution of dimethoate (Tata-fison, purity 95 per cent) is 
prepared with acetone. A thin layer plate is spotted 
with different volumes viz. 10, 20, 30, 40 pi of standard 
solution along with the 50 pi of the sample solution 
(obtained by extracting the sample with benzene as 
previously). The sample is applied about 2 cm from the 
bottom edge of the plate. It is important to restrict the 
diameter of spot to 5 or 6 mm11.

The plate is then allowed to be irrigated, letting the 
solvent front move upto 15 cm from the spotting point. 
It is then kept at room temperature for some time to 
evaporate the solvent completely and sprayed with the 
chromogenic reagent. The plate is then allowed to dry 
at room temperature just to evaporate the water of the 
chromogenic agent.

The spots are scraped (with the sharp edge of a knife) 
and taken in 5 ml (in each case) of N-N-dimethyl 
formamide in separate test tubes. The tubes are 
shaken occasionally for 5-10 min for the complete 
extraction of colour from silica gel. The contents of the 
tubes are centrifuged to remove silica gel. Then the 
optical densities of the clear supernatant liquid solutions 
are measured in the spectrophotometer at the wave 
length of 435 nm. Spectra of similar solutions of 
dimethoate have previously been checked to have a 
maximum near about this wave length. The concent­
ration of the pesticide is obtained from the straight line 
obtained by plotting absorbance against the known 
concentrations.

The common trend in extraction cum clean up opera­
tions of pesticide analysis is to transfer the pesticide to a 
low boiling cheap solvent, light petroleum, after prelimi­
nary extraction using methyl cyanide12: (orisopropanol- 
petroleum mixture). The latter has been devised to 
replace the costly solvent, acetonitrile13. However, in 
this case dimethoate cannot be transferred to petroleum 
ether, after addition of water, because of its appreciable 
solubility in polar solvents. This necessitates evapo­
ration of solvents which are unsuitable as they have 
high boiling points and are costly. The most efficient 
extractant in the single solvent extraction procedure 
here is benzene; its high boiling temperature (79-81°C) 
does not inconvenience, as dimethoate is affected only 
at more elevated temperature14.

The colour developed on the chromatogram is 
amenable to direct reading in a photoelectric densito­
meter15. However, this is obviated in this study for two 
reasons—graining (or precipitation) which sometimes 
occur lending heterogeniety in the spot and, secondly,
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the common densitometers do not have selective wave 
lengths or even filters.
Central Food Laboratory J- Chakraborti
Calcutta-16 G. Mukherjee (Mrs.)
15 Ju ly  1974 A. K. Mukherjee

B. R. R oy
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BOOK REVIEWS
Indian Dairy Products: by K. S. Rangappa and K. T.

Achaya, Asia Publishing House, Bombay, pp; 386,
Price: Rs. 40.
The Chemistry and Manufacture of Indian Dairy 

Products, by the same authors was first published in 
1948. It was an interesting review of development in 
dairy industries and covered a number of aspects of 
Indian dairying at that time. The book under review is 
a completely revised edition of this book and in bringing 
out this book, the authors have added new material 
which has accumulated since the last publication. The 
book is divided into three parts and deals with milk and 
unfermented milk products, fermented milk products 
and ghee.

In the first part the authors have described the major 
milch breeds of the country, their performance and 
production. The composition of milk and its variation 
due to various factors like breeds, season, feed and 
health of the animal are documented. Milk hygiene and 
the bacteriology of milk are dealt with in detail. Adulte­
ration of milk and methods for its detection have been 
described. The second part deals with fermented milk 
products like dahi and butter. Dahi is liked throughout 
India and is consumed in large quantities unlike yoghurt 
which is its counterpart in other countries and is con­
sumed only in small quantity. Very often the only milk 
protein which is available to a large section of the 
people is through dahi. As such it has a unique place 
in the Indian dietary. The authors realising this have 
devoted considerable part of the book to a detailed 
description of the preparation of dahi, its composition 
and nutritive value. As they have rightly pointed out a 
modernised dahi industry can provide a healthy, standard 
product of high nutritive value to a very large consuming 
public in Indian cities, making fuller utilisation of all 
the constituents of the available milk. Butter is another 
product which has a high economic value in the dairy 
industry. It is estimated that 46% of the total milk 
produced in India is used for making butter. In Indian 
villages large quantities of milk are converted into dahi 
butter churned and the butter milk either consumed as 
such or wasted. In the Chapters on butter, the authors 
have reviewed the indigenous methods of making 
butter and have shown defects and short comings in 
such a process. They have discussed the improvements 
which could be brought about in making butter by 
following slightly improved methods. They have 
rightly emphasised that radical changes cannot be 
introduced overnight in a cottage industry where the 
petty farmer produces small quantities of butter in his 
house for sale. The existing practices have to be

improved to the benefit of both the producers and the 
consumers by affecting alterations wherever they are 
needed.

Nearly half the book is dedicated to the last part i.e. 
ghee. Ghee is the most important milk product in India, 
Its value is much more than of the other milk products. 
It is only right that the authors should place so much 
importance on this product. In the introduction, the 
authors have discussed ghee as a source of nutrients, 
the vitamin content, the fatty acid composition and the 
loss of the nutrients in the course of the preparation 
of ghee. In the next section various processes of prepa­
ration of ghee and the factors in processing which affect 
the quality of ghee are described in detail. The charac­
teristics of good ghee, the flavour, the aroma, the colour 
and the granuality are described. The constitutions of 
ghee i.e., the fatty acids, the glycerides, the vitamins and 
trace elements are discussed. The variation of these due 
to several factors are described. The analytical characters 
like the Reichert value and the variation of these due 
to different causes have been described. It is difficult to 
find a more detailed account of the adulteration of ghee 
and its detection elsewhere than what is contained in this 
book. The subject has been treated in a masterly way 
discussing the methods that have been adopted for the 
detection of adulteration in ghee, the draw-backs of 
each method and the good points in it. A large amount 
of work has been done in this field. But there are not 
many text books which have attempted to bring all the 
results of the scientific research and discuss it in an 
objective and well coordinated way. The authors have 
done this to a great degree of success. The last chapter 
is about the defects in ghee, i.e., rancidity mostly caused 
by oxidative changes. Methods of measuring rancidity 
have been described.

The book is based to a large extent on published papers 
by Indian research workers in the dairying field. The 
reference to the papers have been given in detail. One 
signal service this book has done to the research workers 
in dairy industry is to provide excellent review of the 
work that has already been carried out and point out 
areas where research work is needed. Indian dairy 
industry has far too long been imitating dairy industry 
abroad. Some of the dairy products on which con­
siderable research has been done like cheese do not have 
a sufficient market in India. But other products on which 
research is lacking like dahi, panneer and other indigenous 
dairy products have a wide market. The book tries to 
set a balance between these two and show the possibilities 
of research work concentrating more on process and 
methods which are needed in the country. Our dairy 
industry is based on the production of farmers with 
one cow or two cows or buffaloes with as little as two to 
ten litres of milk per day. It is not the same in other
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countries where a dairy farmer produces a few hundred 
litres or more of milk. The research work that is needed 
in the country is to help the individual farmer carrying 
on his trade with one or two cows under conditions 
which will not be tolerated in other prosperous dairying 
countries. It is in this locale that the authors of this 
book have tried to give suggestions for improvement, 
modification and reorganisation. To that extent the 
book is a very useful contribution to the dairy industry 
in India.Indian dairying is on the brink of a break-through 
and in the next few years it is anticipated that several 
new milk products will be on the market. Milk powder 
of different compositions, infant foods, ice-cream of 
different composition, yoghurt powders, milk substitutes, 
butter substitutes, etc. It would have been appropriate 
if the authors had paid more attention to these products 
which are bound to flood the markets in the future. Also 
the chapter on the Indian milk sweets industry could 
have been expanded.

Though the book has been published in 1974, it is 
unfortunate that some of the research papers quoted are 
out dated. The amount of material that has been collect­
ed for bringing about this book, possibly could have 
been made a little more up-to-date by bringing in research 
work of a later period omiting some of the references to 
the earlier ones. Though this has not reduced the value 
of the book to the Indian dairy man, the reviewer feels 
compelled to make this remark in the hope that in a new 
edition the authors will take note of it. The authors have 
mentioned in the preface that “it is unlikely that they 
will engage themselves in a further edition of the 
volume”, but the popularity of the present edition will 
surely encourage them to revise and bring out a third 
edition.

The publishers have to be congratulated on the nice 
get-up of the volume. The reviewer could not find any 
errors in printing. The book has met a long felt need for 
a compendium of research work in dairying and as the 
authors have rightly pointed out this is a necessary text­
book for students in Dairying and Agricultural Science. 
No research worker in the field of dairying and allied 
sciences could afford to do without a copy of this 
excellent book. Likewise the man in the dairy industry. 
The price of the book is attractive for a volume contain­
ing so much information.

M . R . C h a n d r a s e k h a r a

The Industrial Manufacture of Cassava Products: An
Economic Study, by D. Edwards, TPI Report G88, 
Tropical Products Institute, 56/62 Gray’s Inn Road, 
London WC1 X 8LU, 1974, pp. 43.

This booklet is one in the series published by Tropical 
Products Institute and covers studies relating to econo­
mic feasibility of production or processing ventures in 
different countries especially the developing ones. As 
cassava (tapioca) forms one of the high yielding tuber 
crops in many developing countries of Africa and South 
and South-East Asia, an authentic description of the 
manufacturing processes for production of chips, 
pellets and starch along with costing models for different 
capacity manufacturing units will not only serve as 
guidelines for the interested entrepreneurs, but is 
likely to generate new entrepreneurship in developing 
regions. As the cost models have been worked out on 
the basis of situation prevailing in the developing count­
ries, they will be of great help to those involved or 
interested in cassava processing.

S. R . Sh u r p a l e k a r

Triticale: Proceedings of an international symposium, 
El Batan, Mexico, 1-3 October, 1973, edited by: 
Reginald Maclntvre/Marilyn Campbell (IDRC-024e), 
International Development Research Centre, Ottawa, 
Canada K1G 3H9, 1974/pp. 251.
A decade’s (1964-73) achievements of plant breeders, 

agronomists, geneticists, nutritionists, etc. form the 
content of this book on Proceedings of an International 
Symposium on this new man-made cereal (cross of 
wheat and rye). A multi-disciplinary approach of nearly 
100 participants brought together on a common plat­
form by International Development Research Centre has 
made possible, unique interchange of ideas. This will 
no doubt initiate newer interests and more vigorous 
action to overcome the existing problems relating to 
triticale development.

An exhaustive historical review on the development of 
triticale included at the beginning, will be of great use 
to different research workers interested in this field. 
Different research programmes on the development of 
triticale in Western and Eastern Europe, Germany, 
United Kingdom, Canada, U.S.A, and CIMMYT 
(Mexico) are reported in earlier papers of the Proceed­
ings. These are followed by the details of new program­
mes of work initiated in developing countries like India, 
Iran, Ethiopia, Algeria, Kenya, Chile, etc. Various 
challenging problems facing the breeder, agronomist, 
etc. form the last part of the book.

In view of triticale’s outyielding potential when com­
pared to wheat and also its adaptability to soils un­
suitable for wheat cultivation and as nutritionally it has 
been found equally good or better than other cereals 
including wheat, triticale is probably the most promising
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answer to hungry world’s quest for more food. This is all 
the more so, as the Proceedings have highlighted the 
possibility of triticale pushing forward the frontiers of 
today’s agricultural area into colder, hotter, or drier 
regions of the world, so that the total cultivated area 
increases significantly.

As the Proceedings cover a wide spectrum of different 
lines of work on triticale, this book is an important 
addition to the library of agricultural scientists as well as 
cereal technologists.

S. R . Sh u r p a l e k a r

Fish and Shellfish Hygiene: Report of a WHO Expert
Committee convened in cooperation with FAO/
WHO, 1211, Geneva, 27, Switzerland, 1974, pp. 62,
Price Sw. fr. 6.
Hygiene in fish and shellfish handling, except in case 

of material meant for export, is conspicuous by its 
absence in India and possibly in other developing 
countries as well. Reporting, recording and investigating 
of fish-borne diseases are all irregular and scanty rather 
than systematic and comprehensive. There was a 
report just the other day (Indian Express, March 8, 1975) 
on how fisherwomen in coastal Karnataka who handled 
mackerel transmitted E. coli contamination to their 
infants causing severe gastroenteritis. Preventive work 
would not normally be initiated on the basis of such 
stray reports.

Adoption of hygienic practices in fish and shellfish 
handling through the steps of catching, transport and 
marketing would need capital investment. There is now 
neither any incentive, obligation nor awareness to take 
to hygienic practices.

Against this background it is the duty of microbio­
logists, research workers and technologists dealing with 
fish handling and processing to create the necessary 
awareness in the public mind, among the municipal and 
public health workers and administrators on how fish 
and shellfish are potential sources of hazard to public 
health. It is to such technical personnel, in their ende­
avours to promote hygienic practices in handling of 
fish and shellfish, that the present book should serve as a 
guide and starting point.

In a relatively short space the book scans a wide 
horizon. Starting from environmental factors in relation 
to fish and shellfish hygiene, it classifies the principal 
human diseases resulting from ingestion or contact with 
fish and shellfish, the principal diseases of aquatic food 
animals as related to public health, and biotoxins of 
marine fish and shellfish. The book then gives guidelines 
for epidemiological investigations, for safe handling

of fish, shellfish and their products and for inspection 
services. It spells out the requirements of training and 
education and offers recommendations related to pro­
gramme development, and research and technology. 
The two annexes on recognised fish-and shellfish-borne 
diseases of man and on selected bibliography on fish and 
shellfish hygiene are valuable.

The book deserves to be widely taken note of not 
merely as a source of information but as a starting point 
for preventive hygienic and sanitary practices in fish 
and shellfish handling, distribution, marketing and 
processing.

N. V. Sr ip a t h y

Text Book of Meat Hygiene: by Horace Thornton and
J. F. Gracey, Bailliere Tindall Henriella Street, 
London WC2E 8QE, 6th ed., 1974, pp: 599; price: 
£ 2.80.
This book was first published in 1949 and has gone 

through six editions in the course of 25 years. The 
present edition has been enriched by inclusion of infor­
mation obtained from surveys in many countries of 
Europe, the Middle East, the America, India, Ceylon 
and Burma undertaken by the first author on behalf of 
World Health Organization and Food and Agricultural 
Organization.

The presentation has been devided into 13 chapters 
dealing with meat animals, abattoirs, post mortem, 
inspection, tissues and organs of animals slaughtered for 
food uses, pathological and other lesions important from 
point of meat hygiene, inspection of poultry and game 
meat as rabbits and hares, preservation of meat and 
treatment and disposal of by-products.

The presentation includes an appendix which gives in 
the form of a statement the disease, source, affect and 
prevention of the common undesirable diseases en­
countered in the industry. The book is a good addition 
to libraries of institutions involved in work on the dif­
ferent aspects of the meat industry.

B . R . B a l ig a

Proceedings of the International Symposium on Nitrite in 
Meat Products: Edited by B. Krol and B. J. 
Tinbergen, Centre for Agricultural Publishing and 
Documentation, Wageningen, The Netherlands, 1974, 
pp. 268; Price: DFL-45.
The use of small amounts of salt petre in the curing of 

meats is indispensable for the formation of the charac­
teristic cured meat colour. The role of nitrite in develop­
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ing cured meat colour was elucidated in 1890 and the 
mechanism was discussed by Haldane in 1901. Sub­
sequent research workers discovered other characteristics 
of nitrite like inhibition of micro-organisms, particularly 
toxin forming anaerobes, Clostridia and development 
of cured meat flavour.

One of the undesirable effects of use of nitrite in cured 
meat product, is the possibility of formation of nitro- 
samines. These nitrosamines pose a health hazard due 
to their carcinogenicity. When this drawback was 
recognised, debates started in many countries on the 
pros and cons of the use of nitrite in meat products in an 
international meeting at Zeist, the Netherlands in 
September 1973.

The discussion of the papers, about 25 in number, was 
grouped in four sessions, analytical, microbiological, 
technological and toxicological. At the end of each 
session, specific conclusion and recommendations were 
drawn up.

The analytical session discussed six papers on forma­
tion of cured pigment, determination of free and bound 
nitrite, low-molecular meat fraction active in nitrite 
reduction and determination of amines and oxides in 
food products. The main recommendations of this 
session were precise method for determination of nitrate, 
nitrite, volatile and non-volatile nitrosamines, precursors 
of nitrosamines and their combination in cured food 
products, by collaborative studies.

The microbiological session discussed six papers on 
microbiological effects of nitrite, inhibition of botulinum 
by curing salts in model systems in relation to stability 
and safety of cooked meats, minimum nitrite concent­
ration for safety of cooked meats, Perigo effect and other 
inhibitions in cooked meat products. The important 
conclusions of this Session were the dependence of nitrite 
inhibition of clostridia on the salt concentration, tempe­
rature of storage, water activity, pH, type of food, etc., 
and the necessary dependence of the meat processing 
industry on nitrite for protection against clostridia and 
possibly staphylococci also. Any substitute for nitrite 
should be chosen with due consideration of its action on 
spore forming as well as non-sporing organisms.

The Session on Chemical and Technological Aspects of 
nitrites discussed loss of nitrite during storage of cooked 
meat product, influence of compounds other than nitrite

on colour development, nitrite and flavour of cured 
meat, ascorbate and nitrosamine formation, low nitrate- 
nitrite and radiation sterlisation. The conclusions and 
recommendations of the Session were intense research 
to elucidate the mechanism of loss of nitrite binding to 
meat components, chemistry of cured meat flavour, 
reduction of nitrosamines in cured meats using additives 
like ascorbate and irradiation, particularly the balance 
between ascorbate and nitrite regarding nitrosamines 
and anti-botulinal effect.

The Toxicological Session dealt with papers on toxicity 
of nitrite and nitroso compounds, chemical carcinogens 
and formation of nitroso compounds. The conclusion 
and recommendations of this Session were that many 
N-nitroso compounds are powerful and versatile 
chemical carcinogens, trace quantities are present in 
foods like cured meat products and more could be 
formed in the gastrointestinal tract through interaction 
between nitrosating agents and nitrosotable amino 
compounds, epidemiological studies regarding health 
hazard for N-nitrcso compounds, better and refined 
analytical methods of and advisability of reducing the 
amount of added as well as residual nitrite without 
affecting the protection against bacterial hazards, 
particularly botulins.

The overall conclusions of the Symposium was that 
nitrite is indispensable as an inhibitor of Clostridium 
botulinum in many meat products, plays a key role in 
colour and flavour development of cured meats. At the 
same time the presence of nitrosamines in some meat 
products is well established and refined analytical 
procedures, epidemiological studies and categorisation 
of products containing nitrite should be undertaken. 
So far the best available constituent to decrease the 
risk of nitrosamines is ascorbate because this does not 
impair the function of nitrites against clostridia.

Even though the compilation is predominantly of 
interest to research workers engaged in development of 
meat products and regulatory agencies, some of the 
information is of interest to research workers in other 
allied field like flavour, heat resistant bacteria encounter­
ed in processed products and mechanics of toxicological 
manifestation of chemicals formed during processing.

B. R . Ba l ig a



NOTES AND NEWS

Seminar on ‘Packaging of Marine Products’ Organized 
by the Indian Institute of Packaging (Southern Regional 
Branch) held in Cochin on 4 th March 1 9 7 5 .

The programme was participated by more than 45 
delegates, representing various fish processing and 
packaging units, government and semi-government 
organisations, trade associations and research Institutes 
connected with marine products.

In his welcome address Shri A. I. George informed 
the delegates the various activities of the Institute and 
services rendered by the Institute to the industry. The 
industries in the Southern Region, was requested to 
make use of the facilities given by the Institute and take 
active participation in the programmes.

Shri K. Chidambaram, Director, Marine Products 
Export Development Authority, in his keynote address 
gave a brief account of the developments made by the 
marine industries in recent years. It was stated that the 
export of marine products was increased by more than 20 
fold in ten year’s time. There are many more marine pro­
ducts which are yet to be exploited. The main problem 
in exporting the marine product is packaging. The present 
export could be increased to a great extent by adopting 
improved techniques of processing and packaging.

After the general session, the technical session was 
conducted under the chairmanship of Shri K. 
Chidambaram, Member, Southern Regional Committee. 
Each technical session was presided by a technical 
expert from the field and 5 papers were presented which 
related to the different aspects of packaging of marine 
products.

The topics discussed in brief during the technical 
session are as follows:

Not much attention has been given to the improve­
ments and standardisation of presently used frozen 
marine product carton. They are still packed in either 
2 lb or 5 kg unit. It is suggested that greater economy 
could be achieved by standardising the type of cartons 
used for frozen fish.

Canning of marine products needs improvement for 
export market. At present only ordinary type of lacquer­
ed O.T. cans are used for fish canning. In export market 
they like to have these goods packed in special type of 
easy opening can which are yet to be manufactured in 
the country. Industries are of the opinion that if these 
containers are made available they will be able to export 
large quantity of canned fish. The can making industries 
are reluctant to go in to these containers because of the 
huge investment and uncertainity of demand estimate.

The packaging problem of dried fish for export is of 
different nature. The fish in the dried form has a very 
objectionable odour. If proper care is not taken regard­
ing the moisture ingress, mould growth and other 
biochemical changes take place. Due to its bad odour 
these goods are not accepted by the shipping cargoes 
carrying tea, coffee and other spices. The technique used 
at present for drying is very crude. If better techniques 
are used for drying and packaging this highly protein 
rich food will get better price in the world market.

Not much improvement has been made in this 
country on transportation of goods under refrigerated 
conditions. Various types of shipping containers like 
plastic coated bamboo baskets, collapsible thermal 
insulated rigid containers, containers with refrigeration 
and cooling systems, vans with refrigerations and light 
weight bodies were discussed during the Seminar.
Following recommendations were made.

1. The paperboard carton used for frozen shrimps 
needs to be standardised. It was desired that a 
standard be developed for 5 kg unit. This 
standard will help the industry as guideline in 
selecting and specifying their packaging material.

2. The marine product industries were of the opinion 
that the export of canned marine products could be 
increased substantially, if proper type of containers 
are made available. In the foreign market the 
demand is for a special type of easy opening 
aluminium cans for canned products, which are 
yet to be manufactured in the country.

3. The packaging and processing techniques adopted 
for dried marine product needs improvement. 
The delegation was of the opinion that, if this 
protein rich product is hygeinically prepared by 
improved method of drying and packed in a 
protective and attractive container, it will fetch very 
good price in the export market. The M.P.E.D.A. 
was requested to study the problem in collobara- 
tion with IIP and Central Institute of Fisheries 
Technology, Cochin.

4. Much improvements are needed in the shipping 
container and transportation method adopted for 
marine products. The containers on which fur­
ther study is needed are (a) plastic coated bamboo 
baskets, (b) collapsible thermal insulated contai­
ners, (c) containers with cooling systems, and (d) 
transportation system with better cooling systems.

The seminar was concluded with vote of thanks.
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Report of the Seminar Programme Conducted by the 
Southern Regional Office of HP on “Packaging of Food 
Products” at Madras.

The Southern Regional Office of the Indian Institute 
of Packaging organised a one day seminar programme 
on ‘Packaging of Food Products’ at Hotel Savera, 
Madras on 15th February 1975.

The programme was participated by more than fifty 
delegates from various food processing and packaging 
material supplier industry. In the programme various 
techniques adopted for food packaging were discussed.

In his welcome address Shri Sridharan explained the 
role of Indian Institute of Packaging in promoting the 
knowledge of packaging in the country. He gave a brief 
note on the present and future activities of the Institute 
and invited the industries in the Southern Region to 
enroll themselves as members of the Institute and take 
active participation in the Institute’s activities. He also 
informed the delegates that the Institute is planning to 
conduct its “Indiastar Award 1975” function and a pack­
ing Exhibition in Madras later this year.

The keynote address for the programme was delivered 
by Shri P. V. Raju, Packaging Division, Central Food 
Technological Research Institute, Mysore. In his lecture 
he explained the status of food packaging in the country. 
He discussed the packaging problems involved in various 
types of food products like, oils and fats, fruits and 
vegetables, fish, meat and meat products, milk and milk 
products, bakery products, break fast cereals, confectio­
nery, coffee and tea, milling products, foodgrains, 
breverages, spices, etc. He further explained that most 
of the food packaging materials and methods adopted 
in the country at present are based on the western 
countries research and development. We have to orient 
our research and development work suitably to suit our 
needs and demands.

The other items covered by the seminar programme 
are: Packaging of Canned Foods by Shri S. R. Shetty, 
Regional Officer, IIP, Packaging of Bread by Shri
K. L. Radhakrishnan, General Manager, Modern 
Bakeries (India) Ltd., Packaging of Biscuits by Shri K.
S. Kannan, Standards Manager, Britannia Biscuit Co. 
Ltd., Packaging of Confectionery by Shri H. R. S. 
Iyengar, Factory Manager, Parrys Confectionery Ltd., 
Packaging of Dairy Products by Shri Thomas Pathrose,

Manager (Purchase), Tamil Nadu Dairy Development 
Corporation Ltd., Packaging of Dehydrated Foods by 
Dr H. B. N. Murthy, Marketing Manager, Travancore 
Rayons Ltd. A case study was presented by Shri S. R. 
Shetty, Regional Officer, IIP on evaluation of shelf life 
of a packed food.

During the group discussion several delegates brought 
out their problems connected with food packaging for 
export. All faculty members participated in the group 
discussion and helped the industries to solve their 
problems. The discussion comprised of selection of 
packaging materials, availability of materials and their 
limitations for packaging selection, correlation of 
packaging requirement of a product with packaging 
performance, etc.

Shri S. R. Shetty, Regional Officer, IIP, proposed the 
vote of thanks for the programme.

Faculty members answering the queries 
L e ft  to right:
1. Shri S. R. Shetty, R egional Officer, Indian Institute of 

Packaging, Madras.
2. Shri K. S. Kannan, Standards M anager, Britannia Biscuit Co. 

Ltd. Madras.
3. D r H. B. N. Murthy, M a rketing  M anager, Travancore 

Rayons Ltd., Madras.
4. Shri S. Sridharan, Production E xecutive , Parrys Confectionery 

Ltd., Madras.
5. Shri P. V. Raju, S cien tist, Central Food Technological 

Research Institute, Mysore.
6. Shri K. L. Radhakrishnan, General M anager, M odern Bakeries 

(India) Ltd., Madras.



ASSOCIATION NEWS
Minutes of the Annual General Body Meeting of the 
Association held at New Delhi on 2 7 th April 1 9 7 5 .

The Annual General Body Meeting was held at 
Diocesan Community Centre, New Delhi under the 
Chairmanship of Sri K. C. De, Vice-president, Eastern 
Zone, AFST who was deputed on behalf of Dr
T. N. Ramachandra Rao, President of the Association.

The Meeting opened with a welcome address by 
Mr K. C. De who expressed the hope that the members 
would have a good opportunity to examine the working 
of the Association during the last one year and also to 
propose any steps that would be required to further the 
interest of the Association.

The minutes of the last Annual General Body Meeting 
held at Mysore was then presented by the Hon. Exec. 
Secretary and the same was proposed for adoption by 
Mr Laljeet Singh and seconded by Mr. N. L. Jain. It 
was adopted unanimously.

The Annual Report for the year 1974 was then present­
ed by the Secretary. During the discussion on the report, 
Dr Naik Kurade made a plea to assess the membership 
position of the Association with respect to the national 
register of Food Scientists and Technologists. The 
information on this may be collected for obtaining a 
realistic assessment of the role of the Association in 
collecting the Food Scientists and Technologists 
under the banner of one set up. It was also suggested by 
the members that for better recovery of arrears it is 
necessary to stop sending the Journal if any member 
fails to renew his membership after the posting of the 
first issue of every volume. After a lively discussion 
during which members expressed satisfaction on the 
working of the Association during the year, the report 
was proposed for adoption by Mr Y. K. Kapoor and 
seconded by Mr R. C. Bhutiani. It was adopted un­
animously.

On behalf of the Hon. Treasurer, Hon. Exec. Secretary 
presented the statement of accounts for the year 1974 
and the budget proposal for 1975. There was a proposal 
from Mr Y. K. Kapoor that it would be advisable to 
separate the accounts of the Journal and the Association 
so that the members will have an idea regarding the 
financial situation under these two different heads. It 
was explained by the Exec. Secretary that in view of the 
grant obtained from ICAR for bringing out the Journal 
it would be necessary for the Association to separate the 
accounts in future so as to satisfy the stipulations laid 
down by ICAR. The statement of accounts was pro­
posed for adoption by Mr R. C. Bhutiani and seconded 
by Mr N. L. Jain which was adopted unanimously. The 
budget estimate was proposed for adoption by Mr

Kailash Nath and seconded by Mr N. L. Jain. It was 
adopted unanimously.

The various resolutions forwarded by the Executive 
Council were taken up for discussion one by one.

a) The 1st resolution on Amendment to Article—V, 
Clause 1, B was accepted unanimously. The revised 
article will read as “The Immediate Past President and 
the Immediate Past Hon. Exec. Secretary”.

b) The Ilnd resolution to taking steps for conduct 
examinations and awarding Diplomas was discussed 
in detail. The General Meeting felt that the idea is 
very commendable. The proposition was referred to 
Executive Council for examining the same in detail and 
come up with recommendations in the next General 
Body Meeting.

c) The Illrd and IVth resolutions coming from 
Hyderabad and Bangalore Chapter respectively regard­
ing the shifting of Southern Zone Office were rejected 
and it was decided to examine these proposals in the 
next General Body Meeting.

d) The Vth resolution proposed by the Executive 
Council for instituting Subrahmanian Award was 
accepted unanimously.

e) The Vlth resolution on holding of elections for the 
office of Vice-president of Head-quarters whenever 
he/she transferred was rejected by the General Body.

/ )  The last resolution on changing the emblem of 
the Association was discussed in great length. Since 
there were different opinions the resolution was put to 
vote and rejected by majority vote. The meeting decided 
to authorise the next Executive Council to expeditiously 
examine the dsirability of having a new emblem and 
arrive at a better design in consultation with some of the 
established designers.

Other suggestions put forward for consideration by
E.C. included.

1. Mr Y. K. Kapoor, Secretary of All India Food 
Preservers’ Association declared in the meeting that the 
Association would be willing to contribute substantially 
for setting up an Institute which would be able to 
further the interests of the food industry by the process 
of education and training. This may be taken up by the 
next E.C. for further action.

2. Dr S. P. Manjrekar, Chairman, Technical Com­
mittee of AIFPA proposed that AFST might consider 
inviting a representative from AIFPA as a permanent 
invitee in their deliberations. It was pointed out that 
AIFPA has already made a decision to associate AFST 
with their activities. The concensus was that the above 
proposition is worth considering.

3. Mr Kailash Nath of M/s. Harnarian and Gopinath, 
New Delhi announced that he is considering instituting 
an award for outstanding work in the area of traditional 
food products. The next E.C. may finalise this in

8
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consultation with Mr Kailash Nath. Similarly Dr A. G. 
Naik Kurade of M/s. Suman Food Consultants, New 
Delhi also announced his intention to set up an Award 
details of which would be forwarded to the next E.C. for 
further processing. The Meeting placed on record the 
appreciation by members on the above proposition and 
Secretary expressed his thanks on behalf of the Associ­
ation.

Gardners’ Award for the year 1973 was then presented 
by Dr P. K. Kymal, Executive Director, Food and 
Nutrition Board, New Delhi to the recipiants which was 
accepted on behalf of the Authors by Dr V. H. Potty.

Mr K. C. De, Chairman of the meeting then introduc­
ed the President-elect who is to become the President for 
the year 1975. After highlighting the achievements of 
Dr Kymal, he was inducted as the New President for 
1975. Dr Kymal in his remarks indicated that he has an 
effective programme to further causes of the association 
and he appealed for cooperation and collaboration from 
all the members of the Association. He also appreciated 
the good work put in by the Executive Council and of the 
Office-bearers of the previous year. President Dr Kymal 
then announced the results of the election held for 
various AFST Offices.

A vote of thanks was proposed by Mr P. N. Narang.
V. H. Potty

HI National Symposium on Refrigation and Air-Condi­
tioning

In accordance with the decision taken to hold Sympo­
sium every year on the subject of Refrigeration and Air- 
Conditioning in different parts of the country, to focus 
the attention of all concerned on this vital subject, 
the 3rd National Symposium on Refrigeration and Air- 
Conditioning was organised by the CFTRI, Mysore for 
3 days from 18th to 21st July 1974. The Symposium 
was sponsored jointly by the CFTRI, Mysore, Ministry 
of Defence, Government of India, All India Air-Con­
ditioning and Refrigeration Association, Association of 
Food Scientists and Technologists (India) and the 
Institution of Engineers, Mysore City Sub-Centre, 
Mysore. It was attended by nearly 140 delegates con­
sisting of research scientists, design engineers, manu­
facturers of machinery and equipment, management 
executives and government officials.

The Symposium was inagurated on 18th July 1974 
by Dr. A Ramachandran, Secretary, Department of 
Science and Technology, Govt, of India and was presided 
over by Sri D. J. Balaraj, Development Commissioner, 
Government of Karnataka. The following is a summary 
of the Inagural address delivered by Dr A. 
Ramachandran. The general theme of his talk was

“Heat and Mass Transfer” which is fundamental to 
refrigeration and air-conditioning.
Dr A. Ramachandran’s Address

Heat and mass transfer in food products, whether 
they are of vegetable or animal origin, is a complicated 
problem, because, consideration has to be given to 
quality retention during processing and this imposes 
severe restrictions on processing operations. In order to 
study any problem of heat or mass transfer in food 
products, it is necessary to have complete data relating 
to their thermo-physical and moisture transport pro­
perties under varying conditions of temperature, humi­
dity, physical state, source from which the material is 
obtained and processing conditions. In view of the 
large number of variable parameters involved, it is 
best to determine these properties experimentally in 
each case in a sys:ematic fashion and tabulate them 
for later use. This is a very important step in the 
economy of the processes and in controlling the quality 
of the products.

Cooling of food products to retard their deterioration 
during storage and freezing to achieve increased storage 
life is a well known process. Determination of the 
cooling loads and time-temperature characteristics is 
important to exercise control over the quality of pro­
ducts and economy of processes. Moisture migration 
and the controlling effect of the surface moisture film 
have a profound influence on the processes. While 
studies on cooling of specific food products have been 
made in various laboratories, generalised studies depict­
ing the influence of various parameters on cooling 
processes are scarce Such studies if made, will help in 
predicting the performance of different products during 
the cooling process, under varying conditions.

Similarly, while extensive studies on freezing of various 
products to understand the basic mechanism of freezing 
have been made, there is still a necessity to make gene­
ralised studies on mathematical models to predict freez­
ing characteristics of anamolous shapes. Also studies on 
cryogenic freezing with LN2 and LF22 sprays with a 
view to evolve the most economic cooling system and 
with minimum product damage are needed.

The other process involving both heat and mass 
transfer relating to food products is dehydration. The 
important consideration in dehydration is once again 
economy and quality retention. In most cases, air is 
used as the heat and mass transfer medium for solid 
foods. For food materials in liquid form, drum drying, 
spray drying, foam mat drying and vacuum puff drying 
methods are used. Vacuum freeze drying is gaining 
popularity of late, because of the high quality product 
it yields though it is still considered as a costly process.
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Food products have to be dehydrated under “low 
intensity” and “high moisture” conditions for quality 
retention, and under these conditions, rate of moisture 
diffusion within the body and surface evaporation are 
controlling factors. ‘Spiked plate freeze drying’ and 
‘Accelerated freeze drying’ fall into this category. A 
recent trend in these techniques is to operate at not to 
high a vacuum and introduce gases like nitrogen, helium, 
etc. This brings in the concept of convective heat 
transfer in addition to conduction and radiation effects 
in freeze drying. Detailed study of these heat transfer 
systems is needed to predict the freeze drying characteris­
tics under these conditions. Also reduction in particle 
size of the product into pebbles or granules helps 
in reducing processing time. A technique recently 
being tried out is ‘spray freeze drying’ wherein the 
advantages of both spray drying and freeze drying are 
incorporated. Liquid is sprayed into an evacuated 
chamber and the spray deposits on the drier wall, where 
the heat of sublimation is supplied. This seems to be a 
promising method and deserves greater attention and 
detailed study.

Concluding Dr Ramachandran dealt on the intensive 
studies made on the economic conversion of solar energy 
into useful ‘heat’ or ‘cold’. Applications of solar energy 
in heating are water heaters, boilers, air-heaters and 
drying of foodstuffs. Its application in ‘cold’ is in har­
nessing the energy for refrigeration and air-conditioning, 
particularly for absorption refrigeration. Other areas 
are in evaporation of liquid foods, blanching, cooking 
and peeling; creation of vacuum, etc. All these make 
very interesting study, he said.
Sri D. J. Balaraj’s Address

The following is a summary of the Presidential 
Address delivered by Sri D. J. Balaraj, Development 
Commissioner, Government of Karnataka.

Broadly, refrigeration and air-conditioning impinge 
on both agricultural and industrial policies and pro­
grammes. While on the agricultural sector, it helps in 
preserving perishable materials over longer periods 
without deterioration in quality and elimination of 
waste, on the industrial sector, it helps in careful 
husbanding of our resources and proper utilisation of 
installed capacity in various spheres. For lack of proper 
storage and handling, nearly 20-25% of our perishable 
food products, goes to waste at present. The refrige­
ration industry can play a vital role in minimising this 
waste to a large extent.

While enumerating the extent of perishable food 
products produced in Karnataka State and efforts being 
made by Government and other agencies in providing, 
processing and storage facilities for such products, Sri 
Balaraj stated that the World Bank has sanctioned a

grant of Rs. 50 crores for animal husbandry develop­
ment in the State over a 7 year period, and indicated that 
this calls for a large outlay on refrigeration and air- 
conditioning plants for various processes involved such 
as chilling and processing centres for milk, storing and 
freezing of meat, fish and other products and so on. 
He also emphasized the need for maintaining a cold chain 
for the transportation of such stored and processed 
products, over long distances and suitable marketing 
facilities at different centres.

Cold storage of food is only one important application 
of refrigeration, he said. There are many other useful 
applications such as cooling of large masses of concrete 
in dam construction, providing chilled water for indu­
strial applications, ice plants for the fish industry, air- 
conditioning of hospitals, pharmaceutical and chemical 
industries, aircraft optical goods, production centres, 
instrument rooms and so on, which are essential necessi­
ties and can by no means be termed as “Luxuries”.

In spite of such a versatile application of refrigeration 
and air-conditioning in various fields, one finds that the 
installed capacity of the machinery industry is very much 
under-utilised. Consequently the prices of machinery 
are rather high. In addition one hears the complaint that 
excise duty and sales tax on such machinery and equip­
ment is very high as these are termed as luxury items. 
While there may be some justification to the demand for 
reduction in duties, the better way is to utilise the in­
stalled capacity fully and the equipment used to cater 
to the masses (instead of individuals who come within 
the top 10% of income) by installing large cold stores 
even in rural areas to preserve the available food 
materials.

Concluding Mr Balaraj said that symposia like this 
held in centres like CFTRI where a large amount of 
work has been done regarding preservation of perishable 
food materials by refrigeration, would help bring to­
gether men from industry, trade, R & D organisations 
for exchange of useful information and understanding 
each other’s problems to bring the results of research 
within the reach of the common man. He also emphasiz­
ed the need for training programmes for engineers and 
technicians in large numbers for better maintenance of 
the equipment for their optimum and economic utilisa­
tion, since the industry is capital intensive.
Technical Sessions

The Symposium met in 5 Technical Sessions and 40 
papers were presented. Latest researches and techniques, 
design and development of machinery, etc., in the field of 
refrigeration and air-conditioning were discussed. It 
brought into focus the problems of the industry in areas 
where developmental work are needed. The recom­
mendations of the Symposium are given below:
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Technical Session I: Cold Storage of Perishable Products
Chairman: Shri N. V. Baxi, General Manager, M/s.

Voltas Ltd., Bombay.
Recommendations

Research on the following areas should be intensified 
and accelerated with a time-bound programme so that 
it could be put to beneficial use on a commercial scale 
in view of the critical food shortage in the country.

1) Using irradiation and refrigeration on certain 
perishable products including their cost structure.

2) Commercial scale freeze drying of perishable 
commodities with special reference to fruit juices 
and evaluation of comparative cost vis-a-vis other 
techniques.

3) Feasibility of using individual/instant quick- 
freezing methods for sea foods, ready-to-serve 
foods, fruit and vegetable products with liquid 
nitrogen and different refrigerants.

4) Intensification of efforts for extending the storage 
life, prevention of low temperature break-down 
and maintaining the organoleptic qualities of 
different tropical fruits with particular reference 
to mangoes.

5) Special attention to be given for establishing 
adequate refrigeration facilities in abattoirs and 
for the preservation of subsidiary products with 
special reference to pancreas (required for the 
manufacture of insulin).

Technical Session II: Heat Transfer & Thermodynamics
Chairman: Brig. S. C. L. Mullick, Defence Ministry, 

Government of India, New Delhi.
Recommendations

1) Further studies and investigations should be 
carried out to standardise the techniques of heat 
transfer through heat pipe in cryogenic fields and 
pulse tube refrigeration.

2) Computations regarding the losses in refrigeration 
should be thoroughly investigated in view of the 
energy crisis.

3) Further experiments should be continued on 
freeze drying to understand the basic mechanisms 
and to develop various thermodynamic equations 
in view of its urgent use for defence purposes.

4) Possibilities of reducing the cost of refrigeration 
in freeze drying should be investigated.

5) Experimental investigations should be strengthen­
ed on studies of vapour-liquid equilibria for 
refrigerant mixtures.

6) Various parameters and data required for building 
enthalpy concentration charts should be studied.

7) Studies on heat and mass transfer for various 
tropical food products should be strengthened.

8) Computer methods should be evolved for 
standardization and computation of various 
thermodynamic properties in S. I. units.

Technical Session HI: Design and Construction of Cold 
Storages

Chairman: Prof. C. P. Arora, Indian Institute of 
Technology, New Delhi.

Recommendations
1) Standard and economic designs for cold stores in 

various sizes and for various products should be 
prepared by R & D organisations for the benefit 
of industry and consumers.

2) Studies should be made to make multiple utiliza­
tion of cold stores possible for different products 
at one and the same time, varying with seasons, 
in different regions of the country.

3) Cheap indigenous insulations such as paddy husk 
should be studied along with the vapour barriers 
suitable for use with them. F or this, it is necessary 
to establish test facilities at a central place for 
finding out the permeability of moisture through 
insulations as well as through vapour barriers.

4) Design of doors for frozen food stores may be 
further studied and perfected.

5) It may be noted that the requirement of a vapour 
barrier can be waived in jacketed stores since the 
insulation is generally at a higher temperature 
than the dew point temperature of the air. Accord­
ingly, cheaper quality insulations can be used in 
such cold stores.

6) Existence of one refrigerated sea water plant was 
reported for fish preservation. Many more such 
plants and plants of other designs may be tried. 
When compared to the cost of freezing on board, 
this method would save the cost of labour required 
for the pre-cleaning and processing of fish, and 
would also avoid the thawing that would occur 
before final processing and packing on shore. 
The method may also prove useful for storage of 
fish in processing plants on the shore.

7) R & D efforts on controlled atmosphere storage 
should be intensified.

Technical Session IV: Machinery and Equipment Used
in Cold/and Freezer Storage

Chairman: Shri Manmohan Singh, Managing Director, 
M/s. Frick India Ltd., New Delhi.



ASSOCIATION NEWS 159

Recommendations
1) |Present R & D activities of various universities

and laboratories in the field of refrigeration are 
of vital importance to the industry. There should 
be close collaboration and exchange of ideas 
between research and industry for better utilisa­
tion of R & D efforts.

2) The industry should be requested to pose their 
problems to IIR which in turn may sponsor 
R & D projects to be taken up by the research 
organisations.

3) The computer simulation programme for DX- 
chillers as outlined could be beneficially utilised 
by the manufacturers of machinery in order to 
effect saving of scarce raw materials.

4) Suitable similar programmes for optimisation of 
investment may be initiated in research centres for 
other refrigeration machinery.

5) Of late, liquid nitrogen freezing is gaining popula­
rity in view of its inherent advantages. Industry 
should sponsor research and developmental acti­
vity in this field.

6) Refrigerating machinery for cold storages and 
freezing plants suffer from a very high rate of 
excise duty due to an erroneous impression that 
it caters to the affluent section of society. In order 
that the machinery could be effectively used in 
the field of preservation of foods, by lowering its 
costs, there is need for drastic reduction of central 
excise duty.

Technical Session V: Air-conditioning
Chairman: Shri Ram D. Malani, Executive Director,

M/s. Blue Star Ltd., Bombay.
Recommendations

Unfortunately in this country, air-conditioning has 
acquired a mistaken connotation. Few people realise 
that air-conditioning is indispensable in a number of 
modern industries like pharmaceuticals, chemicals, 
fertilisers and precision engineering. Similarly air- 
conditioning is vital for operation theatres, telephone 
exchanges and radar systems now being extensively 
used by defence services. It will therefore be wrong to 
describe the air-conditoning industry as a luxury indu­
stry. Almost 80 % of the output of this industry is used 
for industrial application and it is therefore vital that this 
industry should be allowed reasonable opportunities for 
growth.

In the field of comfort air-conditioning, it is possible, 
within certain limitations, to use the evaporative cooling 
systems. It must however be understood that evaporative 
cooling will be effective only in dry climates. Even here,

evaporative cooling would work only for 2 to 3 months a 
year (from end of March to end of May). With the onset 
of monsoon there is a rise in the relative humidity which 
makes evaporative cooling ineffective. Similarly, evapo­
rative cooling cannot function in applications where 
there is concentrated human occupancy, for e.g. cinema 
theatres, auditoria, lecture halls, etc.

Work may be undertaken to precisely determine the 
effective inside temperature range applicable to Indian 
conditions for evaporative cooling.

General Recommendations
1) The Symposium recommends that the NCIIR and 

the AIARA should establish a liaison with all 
institutions doing work in the field of refrigeration 
and air-conditioning and bridge the existing 
communication gap between institutions and in­
stitution on one hand and industry on the 
other.2) It is recommended that the NCIIR should take 
appropriate follow up action regarding the re­
commendations made by the Symposium and 
report the action taken at the time of the next 
Symposium.

3) It is recommended that the Proceedings of the 
Symposium be brought out as a separate publi­
cation after editing of all the papers presented 
along with the recommendations.

4) It is also recommended that the future organisers 
of the Symposium devise such means as to reduce 
the number of papers to be presented at the 
Symposium and give more time for discussions 
and as far as possible supply pre-prints of papers.

5) It is recalled that in the 1st National Symposium 
held at Durgapur in 1972, a recommendation had 
been made that action should be taken to bring 
out a Refrigeration Data Book for use in India 
compiling all available data in the field on the 
model of the ASHRAE Handbook and Guide. It 
is also recalled that the ISI had undertaken to 
bring out this compilation. It is recommended 
that the NCIIR may take suitable action to bring 
out this publication in consultation with the ISI.

6) It is recommended that short term courses on 
specific topics in the field of refrigeration and air- 
conditioning, cold and freezer storage should be 
held periodically at institutions where such 
facilities exist like the CFTRI, CMERI, BARC, 
etc., and NCIIR should take a lead in organising 
these courses.

7) It is recommended that to encourage good quality 
papers being presentee., the NCIIR should in­
stitute a prize for the best technical paper prepared 
and presented at such Symposia.
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8) It is recommended that in future only metric 
system of units should be adopted in all papers 
presented at the national symposia.

Forty papers were presented at the Symposium; 
the full text of these papers will be published shortly.
AFST, Bangalore Chapter

The Bangalore Chapter of the Association of Food 
Scientists and Technologists met on 18-3-1975 along 
with the Institute of Standards Engineers, Bangalore 
Section. Shri C. K. Ramanathan, Manager, Brooke 
Bond addressed the joint meeting on Standards for 
Coffee. Dr N. C. Chokkanna, Retd Director of the 
Central Coffee Research Station presided.

Shri Ramanathan described the various factors that 
have been taken into consideration in fixing the standards 
for coffee. The coffee industry is one of the major 
foreign exchange earning industries. The foreign 
market has to be satisfied and it is in this connection 
that chicory has been permitted as an additive to coffee 
for certain grades. But for the availability of chicory and 
its use along with coffee, it would not have been possible 
for the Indian production to meet both the Indian 
market and the foreign market. Dr. Chokkanna in his 
remarks said that the work on the quality of coffee was 
taken up by the Agricultural Department of the Mysore 
State long ago and was continued later as a scheme for 
improvement of the quality of coffee with factors like 
aroma, body, acidity, etc. Cup tasters were employed 
both in England and in India and their assessment 
checked statistically. Other factors like the environ­
ment, the soil, manure, and variety of the bush were 
also studied. Thus the pioneering efforts in assessing 
quality of coffee and its standardisation were carried out 
at Bangalore in the Mysore Agricultural Department. 
There was a lively discussion on the use of chicory in 
coffee, opinions ranging from its necessity, to it being 
called an adulterant. The talk ended with a vote of 
thanks by Shri Subramanian of Indian Standards In­
stitute, Bangalore.
New Members
Mr. Hiranmay Gangopadhyay, Department of Food 
Technology and Biochemical Engineering, Jadhavpur 
University, Calcutta-700 032.
Mr. Bhudeb Gupta, Chemist-in-charge, Reckitt & 
Colman India Ltd., P.B. No. 9002, Calcutta-16.
Mr. Byomkesh Nandy, Chemist cum Manager, Alpha 
Foods & Chemicals (P.) Ltd., Tollygaunj, Calcutta-53.
Mr. Sudev Kuman Mandal, New Block Hostel, Jadhav­
pur University, Calcutta-700032.

Mr. Shyamal Kumar Bhattacharya, Biochmical Engi­
neering and Food Technology Department, Jadhavpur 
University, Calcutta-32.
Mr. Madhu Sudan Karak, New Block Hostel, Jadhav­
pur University, Calcutta-700032.
Mr. H. K. Vasuki, Production-in-charge, Aurofood 
Pvt. Ltd., Auroville P.O., Tamilnadu.
Dr. A. S. Aiyar, Biochemistry and Food Technology 
Division, Bhabha Atomic Research Centre, Trombay, 
Bombay-85.
Mr. A. S. Ghanekar, Biochemistry and Food Technology 
Division, Bhabha Atomic Research Centre, Trombay, 
Bombay.
Mrs. Lalitha G. Govekar, Biochemistry and Food 
Technology Division, Bhabha Atomic Research Centre, 
Trombay, Bombay-400 085.
Mr. Macchindra Tukaram Jamave, Biochemistry and 
Food Technology Division, Bhabha Atomic Research 
Centre, Trombay, Bombay-400 085.
Mr. Madhusudhan R. Joshi, Biochemistry and Food 
Technology Division, Bhabha Atomic Research Centre, 
Trombay, Bombay-400 085.
Mr. Madhusudhan Y. Kamat, 28, Vincent Square, 
Street No. 2, Dadar, Bombay-400014.
Dr. M. S. Netravali, Biochemistry and Food Technology 
Division, Bhabha Atomic Research Centre, Trombay, 
Bombay-400 085.
Mr. B. Y. Krishnoji Rao, Biochemistry and Food 
Technology Division, Bhabha Atomic Research Centre, 
Bombay-400 085.
Mr. U. Y. Rege, Manager, Raptokos Brett and Co. Ltd., 
Worli, Bombay-400 025.
Mr. Shridhar Krishna Sathe, Joshi Building, Hanuman 
Road, Vile-parle Bombay-57, AS.
Mr. B. L. Satyanarayana, Department of Chemical 
Technology, Foods Section, Matunga, Bombay-400019.
Mr. M. Jayaprakasha Rao, Production Manager, 
M/s. Janfa Fruit Products, Sagar, Shimoga, Karnataka.
Mr. Parikshit Roy, 157, Sarat Bose Road, Calcutta-26, 
West Bengal.



ASSOCIATION NEWS 161

Mr. Sandup Norden, Fruit Preservation Factory, 
Government of Sikkim, P.O. Singtam, Sikkim.
Dr. U. M. Ingle, Project Officer, Faculty of Agri. 
Technology, Marthwada Agricultural University, 
Parbhani.
Dr. D. K. Salunke, Vice-chancellor, Marathwada 
Agricultural University, Parbhani-431401.
Dr. M. R. Salunke, Botany Department, Marathwada 
Agricultural University, Parbhani.
Dr. H. Onkarayya, Training Centre, C.F.T.R.I., 
Mysore-13.
Mr. D. N. Gandhi, Dairy Bacteriology Division, 
National Dairy Research Institute, Karnal, Haryana.
Mr. N. B. Hulamani, Senior Asst. Manager (P & S) 
Karnataka State Agro Corn Products Limited, Belgaum, 
Karnataka.
Mr. K. Manohar, Chemist, M/s. Chennai Bottling Co. 
P. Ltd., Arumbakkam, Madras-29.

Mr. Chandra Mohan Bhargawa, 16, 3rd Cross Street, 
Shenoyanagar, Madras-30.
Mr. Birendra Bahadur, Asst. Technical Director, Export 
Inspection Council, Calcutta-700001.
Mr. Dilip Kumar Adhikary, Food Technology & 
Biochemical Engineering, Jadhavpur University, Cal­
cutta-700032.
Mr. Rajinder K. Gupta, Partner, National Fruit Pro­
ducts, Salem Tabri, Ludhiana.
Mr. Dharam Pal Bansal, National Fruit Products, 
Salem Tabri, Ludhiana.
Mr. M. Ramesh Babu, PDD Discipline, CFTRI, 
Mysore-570013.
Mr. Mohan P. Asrani, Technical Adviser, Asrani 
Enterprises, Bangalore-53.
Mr. S. P. Kamat, Technical Advsier, Western Goa 
Confectionery, Bainginim, Old-Goa P.O., Goa.
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